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Abstract 
This thesis is a summary of the process of design of the hardware and firmware associated 
of an electronic tracking tag for marine wildlife. It includes the aspects of analysing the tags 
already existing and its main features. Then, proposing a design that fulfils the 
requirements of these devices. Assemble a first prototype, designing the PCB previously 
and test its functionality using the firmware designed for the tasks it has to perform as a 
real product. Finally, proposing a second version of the hardware, attempting to provide a 
final solution that can be used in a next stage of the project of designing a completely 
functional electronic tag. 
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1. Introduction 
This project arises from a previous project of the UPC and the GSS department. The project 
called ‘Thaggus’ was aimed to help the ACPR fishing association (“Asociación Catalana 
de Pesca Responsable”) develop a more affordable tag than the ones already in the market. 
This association is based on the enjoying of sport fishing while helping the environment 
organizations by tagging and releasing their catch. In this sense, they have been organizing 
their most renowned competition, the Great Tuna Race (GTR). It consists in a 
scientific/sports competition aimed to catch and tag Mediterranean Bluefin Tuna [1].  
 
It is known that this type of fish has been swimming in the Mediterranean Sea for centuries. 
In the past, it was thought that they only laid eggs in the Mediterranean, living in the Atlantic 
Ocean the rest of the year. However, for some time now it is known that schools of Bluefin 
tuna live permanently in this sea. Furthermore, these schools were on the verge of 
extinction due to overfishing. For several years now, governments and environmental 
associations have regulated the Bluefin tuna fishing in the Mediterranean Sea. In this sense, 
GTR is a useful initiative to help protect the local Bluefin tuna by registering its translations 
and location over time using electronic tags. 
 
Nowadays, the main drawback in this competition is the price of the tags used to track the 
animal’s location. The main price varies, but is always around 2000€. The project was born 
aiming to develop a tag that could be, at least, cheaper than 500€. The aim is to encourage 
participation in the GTR making it more affordable. Thus, the project was presented to and 
accepted by the PAE (“Projecte Avançat d’Ingenieria”) professors’ board.  
 
This project was initially carried out by students of the PAE subject. Their task was to study 
the feasibility of the project, while proposing theoretical solutions based on the study of 
other tags already existing. Their work led to a definition of the project. This definition is 
explained below [2]. The professors from the GSS department in the PAE board continued 
with the project in this Master Thesis. 
 
1.1. Statement of Purpose 
 
An electronic tag is a device used to know the whereabouts of a wild animal over time. The 
requirements of a sea tag of these characteristics are the following: 
• Long term autonomy. 
• Satellite communications with ARGOS (or equivalent) network. 
• Ability of determining the location of the tag during its lifetime aided by different 
sensors. 
• Reduced dimensions in order not to disturb the carrier specimen habits. 
To meet the requirements of a wildlife tag, the project defined by the previous team consists 
in four main blocks: 
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• Mechanical Design 
• Circuit and Firmware Design 
• Satellite Communications Setup 
• Data Processing Software 
This Master Thesis focus on the Circuit and Firmware Design. In this line of work, the 
purpose of the project is to design a first version of the circuit and the firmware associated 
to be able to fulfil the requirements of a tag used for wildlife. The satellite communications 
circuit design is included in the scope, but not the firmware design. This latter is included 
in the Satellite Communications Setup block. 
1.2. Requirements and specifications  
 
The requirements and specifications of the project follow from the tag requirements, but 
they are also expanded in some aspects. 
1.2.1. Project Requirements 
 
• One year autonomy of deployment length. 
• Solar energy harvesting for satellite communications. 
• The ability of obtaining measures of different parameters, namely: luminosity, 
temperature, pressure, magnetic field and water salinity. 
• Affordable design in terms of components and PCB. 
• Reduced dimensions. 
1.2.2. Project Specifications 
 
• 1 year of data acquisition consuming less than 50% of the battery. 
• Possibility of transmitting at least once all the data in the absence of battery 
recharge.  
• Virtually unlimited data retransmissions with solar energy. 
• For all sensors, less than 5% of accuracy and precision errors. 
 
1.3. Work Plan 
 
The work plan for this Master Thesis consist in five steps, sequentially listed: 
• Circuit Schematic Design 
• PCB Design 
• Firmware Design 
• Testing 
• Circuit Schematic Version 2 Design  
In this order, the work packages are described in the following tables. 
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Project: Circuit Schematic Design WP ref: 1 
Major constituent: Electronics Design Sheet 1 of 5 
Short description: 
Design of the circuit of the tag. Includes all the sensors 
and all the functionality components like voltage 
regulators, power management ICs and 
communications ICs. Also all the conditioning circuits 
for them. 
 
Planned start date: 01/03/17 
Planned end date: 15/04/17 
Start event: Master Thesis 
Arrangement Meeting. 
End event: Circuit Schematic 
Design Approval. 
Internal task T1: Design of the circuit 
 
Deliverables: 
Schematic 
File 
Dates: 
15/04/17 
Table 1.1 Work Package #1. 
 
Project: PCB Design WP ref: 2 
Major constituent: Hardware PCB Design Sheet 2 of 5 
Short description:  
Design of the PCB from the circuit design. After ordering 
and receiving the samples of the board, testing its 
connections. 
 
 
Planned start date: 16/04/17 
Planned end date: 01/06/17 
Start event: Circuit Schematic 
Design Approval. 
End event: Testing of PCB 
connections successfully. 
Internal task T1: PCB Design 
 
Internal task T2: Testing of the PCB 
Deliverables: 
PCB board 
 
Dates: 
01/06/17 
 
Table 1.2 Work Package #2. 
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Project: Firmware Design WP ref: 3 
Major constituent: Software Design Sheet 3 of 5 
Short description:  
Design of the firmware needed for a proper fully 
functional tag (except for the Satellite Communications 
block).  
 
Planned start date: 16/05/17 
Planned end date: 15/07/17 
Start event: Testing of PCB 
connections successfully. 
End event: Firmware coded 
ready for testing. 
Internal task T1: Protocols and Components Research 
Internal task T2: Firmware Design 
Deliverables: 
C output files. 
Dates: 
15/07/17 
Table 1.3 Work Package #3. 
 
Project: Testing WP ref: 4 
Major constituent: Hardware, Software Sheet 4 of 5 
Short description:  
Testing the circuit with all the components soldered. 
Also, testing their functionality using firmware testing 
functions and communicating via a PC using UART 
port. 
 
Planned start date: 16/07/17 
Planned end date: 01/09/17 
Start event: Soldering every 
component in a PCB. 
End event: All protocols 
tested. Test Report. 
Internal task T1: Testing Deliverables: 
Test Report. 
Dates: 
01/09/17 
Table 1.4 Work Package #4. 
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Project: Circuit Schematic Version 2 Design WP ref: 5 
Major constituent: Electronics Design Sheet 5 of 5 
Short description:  
Re-design the circuit schematic after all the corrections 
needed found in the test report. 
 
 
 
Planned start date: 02/09/17 
Planned end date: 15/09/17 
Start event: Analyzing Test 
Results. 
End event: Circuit Schematic 
Version 2. 
Internal task T1: Circuit Design Correction. Deliverables: 
Schematic 
File. 
Dates: 
15/09/17 
Table 1.5 Work Package #5. 
 
WP# Task# Short title Milestone / 
deliverable 
Date (week) 
1 0 Master Thesis 
Arrangement Meeting 
 27/02/17 
1 1 Circuit Design Schematic file 15/04/17 
2 1 PCB Design PCB Files 16/05/17 
2 2 PCB Testing PCB Board 01/06/17 
3 2 Firmware Design C output files 15/07/17 
4 1 Testing Test Report 01/09/17 
5 1 Circuit Version 2 
Design 
Schematic file 15/09/17 
Table 1.6 Milestones Table. 
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Figure 1.1 Gantt Diagram. 
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1.4. Eventualities 
 
In this Section the deviations from the initial plan are explained into detail. Note that the 
errors of design in the first version of the circuit are not considered a deviation, since they 
are expected and put together with other corrections that have arisen during the testing 
period. 
  
Initially, the Satellite Communications block had been included in the scope of the Master 
Thesis. However, due to limitations in budget and time, it was rapidly discarded. The 
evaluation board of the IC used for the communications included a limited time of ‘rent’ of 
the ARGOS satellite network. The cost of this evaluation board was over 1000€. Due to 
the limited time of the project, it was impractical to make the inversion. Instead, a 
standalone thesis would exploit the inversion more, while being able to transfer instantly 
the knowledge acquired from the evaluation board into the prototype board developed in 
this project. 
 
Another issue arose during the development of the PCB design. The problem was 
designing the board using blind vias in a first version. This design criteria overpriced the 
boards to an extent where it was impossible to assume. The issue is explained in Section 
3.3. Anyway, the period of time allocated for this task was oversized due to the shipping of 
the boards. The fact that the manufacturer did not take too long sending the shipment 
allowed the project to keep up with the work plan. 
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2. State of the art of the technology used or applied in this 
thesis 
2.1. Tag Market 
 
There are not too many manufacturers of this type of device in the world and most of the 
industry is located in the United States. These two factors increase the price of the product 
significantly, especially for a European buyer like the GTR team. It is logical to understand 
that the demand of the product is also not very large, so the prices are also compromised 
by this factor. Thus, expecting a higher demand of the product if prices are more 
competitive, a local based manufacturer can be interesting from both company and 
customer perspective. In this case, the initial investor is also the principal potential 
customer, the ACPR. 
 
The GTR competition has been going on for 5 years now. In this time, the ACPR has been 
using tags of different manufacturers. They offered samples of two of the currently used 
tags for the race to the PAE team to perform its study. The technology used in those tags 
is the same that is going to be used for this project and is explained below. The two tags 
provided to the reverse engineering team are: 
• MiniPAT-348A by Wildlife Computers®. 
• SeaTag S.A.M. by Desert Star Systems®. 
The following sections describe how each of the studied tags solve the engineering 
challenges of the device. 
 
2.1.1. MiniPAT-348A 
 
The MiniPAT-348A by Wildlife Computers® [3] is a tag specialized for different sea 
creatures, with the ability of immersion at more than 1500m below sea level (see Figure 
2.1). The specifications of the tag can be found in Table 2.1. As can be seen, the tag 
includes three sensors: 
• Depth Sensor. 
• Light Sensor. 
• Temperature Sensor.  
Depth sensor can measure up to 1700m, while it does not consider an ejection condition 
until reaching 2000m. It has an accuracy of 1% of the reading. The tag memory capacity is 
16MB and the maximum deployment length is 2 years. It also has a dry/wet sensor, and a 
LED diode located in the antenna hole. The communication of the tag with the PC 
application is made using a USB connector, protected with a waterproof cap. The power 
supply is made through a battery with high capacity. It does not have any charging system 
when deployed. The ejection system used for this tag is based in galvanic corrosion. The 
tag communicates with the ARGOS satellite network after the ejection from the carrier 
specimen. 
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The firmware of the tag allows Summary messages of the data acquired during the 
deployment (see Figure 2.2). The user can select the different kind of summaries of data 
and raw data that wants to store and send via satellite. 
 
 
Figure 2.1 MiniPAT 3D Model. 
 
 
Table 2.1 MiniPAT Technical Specifications. 
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Figure 2.2 MiniPAT PC Interface Messages Window. 
 
2.1.2.  SeaTag S.A.M. 
 
The SeaTag S.A.M. by Desert Star Systems® [4] has some variants. The one used by the 
ACPR and the equivalent to the MiniPAT specifications is the SeaTag-LOT (see Figure 
2.3). This tag has the following sensors and devices: 
• 3-Axis Magnetometer 
• Precision Temperature Sensor 
• Depth Sensor 
• Light Sensing Sensor (through solar cell) 
The tag dimensions are 210mm length per 35mm diameter in the widest part while 15mm 
in the narrowest. Its main difference with the MiniPAT tag is that it includes a photovoltaic 
charging system, making the transmission of data via satellite virtually infinitely repeatable. 
Its depth sensor also has the maximum pressure value at 2000m. Its magnetometer has 
very good precision, enough to help the light-based geolocation computation for the latitude. 
The memory of the system is enough for 425,984 messages of any kind (raw data or 
summaries). Since each message is 19B, the memory of the tag is 8MB. One of the main 
drawbacks of this model is that the configuration of the parameters of the mission is done 
by the factory, with no chance for the user to access it. It is requested to the company in 
advance by the user. The ejection system of this tag is a kinetic pop-up release mechanism. 
This system triggers an explosion that breaks a screw that joins the tag with the harpoon 
wire. This tag also communicates with the ARGOS satellite network when the deployment 
ends. 
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Figure 2.3 SeaTag LOT Picture. 
 
2.2. Light-based Geolocation 
 
Both tags use the Light-based Geolocation model to compute the location of the tag 
through the deployment time. This algorithm requires the use of the following systems: 
• Light Sensors 
• Real-Time Clock 
• Other sensors like Depth or Magnetometer to use as a constraint of the algorithm. 
As it can be seen, the most important components for this algorithm are the light sensors 
and the real-time clock. The methodology is thoroughly studied in some papers by A. 
Nielsen and J. R. Sibert, such as “State-space model for light-based tracking of marine 
animals” [5]. In this section the principle of the model is explained, although it is not in the 
scope of this thesis the study of the model.  
 
Since the earth’s rotation axis is not perpendicular to the translation plane, there are 
different seasons in the planet. A part from climatic differences between the seasons, one 
of the most remarkable difference is the duration of the days depending on the latitude 
where the observer is measuring. The difference between seasons is most pronounced in 
the poles and nearly imperceptible in the equatorial latitude. Thus, when looking at a data 
log of luminosity measures made by a sensor (see), the acquired data resembles a pulse 
train. As said before, the duration of the days, i.e. the high levels of the pulses in 
comparison with the low levels, can be used to determine the latitude of the tag (see Figure 
2.4).  
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Figure 2.4 Ambient Light Profile (4 days). 
 
Parallel to this computation, the same data while referred to a real-time clock (RTC) can 
be used to calculate the longitude of the tag. A RTC is a device that can provide the UTC 
time at any moment, although it has to be set previously. This time date is the value at a 
reference longitude. At a given latitude, every longitude has associated a sunrise and 
sunset time. This time (see Figure 2.5) is calculated using a mean of values of rising 
luminosity curve. Also, the luminosity value considered to be the sunrise time is defined 
with an constant value. 
 
 
Figure 2.5 Mean Sunrise Threshold. 
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In addition to this model, the other sensors help the calculations with constraints. Every 
sensor can help in a way to help determine the geolocation of the tag. For example, the 
temperature sensor can be used to determine the surface temperature (using also the 
pressure sensor to determine if the fish is close to the surface) [6]. The surface temperature 
has a profile that is not constant, but is stable enough to use it as a constraint (see Figure 
2.6).  
 
 
Figure 2.6 Surface Temperature in a Sector of the Pacific Ocean. 
 
The magnet sensor can also help determine the latitude of the device, using the modulus 
of the magnetic vector. The amplitude of the modulus increases or decreases about 5.76nT 
per nautical mile in the direction of the North or South Magnetic Pole respectively [7]. In 
Figure 2.7 the updated World Magnetic Model (WMM) is shown. 
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Figure 2.7 US/UK World Magnetic Model - Epoch 2015.0. 
 
The pressure sensor can also be used to correct the values of the thresholds in the 
measure of the luminosity, since it is known how the depth into the water affects the 
reception of light. The salinity sensor can also be used to determine the location in a very 
big scale (see Figure 3.35), but is not a very reliable source of information. It can be used 
more like as a boundary in case of aberrant measure. In future versions, when firmware 
functionalities are studied, this sensor can work as a dry/wet sensor as well, providing 
information of the situation of the tag (collected by fishermen, not deployed even it was 
programmed to be already, etc.) 
 
2.3. Electronics 
 
The type of design needed for these devices has four key elements: 
• High Integration. 
• Low Consumption. 
• RF Communications. 
• Affordable prices. 
Therefore, the electronics used for this project have to fulfil the requirements of these 
elements.  
 
In the recent years, cellular phones and portable devices have been the leading industry 
for the development of the electronics market. Fortunately, each one of the key elements 
needed for this design is also a key element or consequence of the portable devices 
industry. First, the integration of the electronics is the most evident of the requirements of 
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this industry, although it is a constant in the electronics leading companies for every other 
products. The consumption of the circuitry of the device is also a constant challenge, and 
especially in the portable devices industry where the customers value so much the 
autonomy of a device. The cellular phones market has brought a wide offer of RF 
components fulfilling all the other constraints due to its vast offer. This vast market also 
results in affordable prices due to the big competition between manufacturers. 
 
Therefore, the technology used for this prototype is the same that is being used in the cell 
phone, tablet, IoT, etc. market. In this sense, the project is benefited by the similarity of the 
tag requirements with those of portable devices. 
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3. Methodology / project development. 
The methodology to design the system has been highly constrained by the previously 
stated requirements, which to sum up again are: 
• One year autonomy, at least, considering no solar energy harvesting. 
• After being released from the carrier specimen, the ability to transmit to the ARGOS 
system satellites all the acquired data during the previous (at least) one year. In 
this case, solar energy harvesting is contemplated. 
• Autonomous operation during at least one year, with pre-programmed conditions. 
• Reducing the cost of the device as much as possible while meeting the 
specifications. 
• Being able to fit all the subsystems in a limited space, which is determined in order 
not to inconvenience the ordinary lifestyle of any carrier specimen. 
The design of every element is in order to fulfil the requirements above. Based on the 
different solutions studied in the Chapter before, the development of the prototype is 
explained below.  
 
3.1. Mechanical Design 
 
It has been stated before that the mechanical design of the tag is not in the scope of the 
project. However, this design does affect to the design of the electronic circuit and the PCB 
design. In this Section, all the key elements of the tag mechanical design affecting the 
hardware design.  
 
 
Figure 3.1 Block Distribution in the Tag. 
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The main constraints of the design of the tag are in terms of size. The tag is an oval-shaped 
cylinder. Its height is 120mm while the diameter is 24mm. in this volume, the different 
blocks to fit are, from top to bottom: 
• PCB. 
• Battery pack. 
• Pressure sensor. 
• Ejection system. 
In the following sections each block design characteristics are discussed. The position of 
each block in the tag is shown in Figure 3.1.   
 
3.1.1. PCB Characteristics 
 
The shape of the board is conditioned by its position in the tag. It is placed on top of the 
board for it to be the closest to the top of the tag, where the antenna emerges. Some 
components in the board have constraints for its position. For example, the luminosity 
sensors and the LED diodes are placed in the top corners of the board, where the outside 
insulation will be transparent in order for the light to come in and out. Furthermore, there 
are some drilling locations required for the antenna and the salinity sensor stub. In Figure 
3.2, a light red area delimitates a forbidden zone, reserved also for the antenna and the 
salinity sensor stub. 
 
 
Figure 3.2 Measurements of the PCB Board. 
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The board is connected to the rest of the components via a 14-pin angled connector to a 
base where the pressure sensor, the thermistor and the battery are connected (see Figure 
3.3). The solar panels and the ejection system are connected to the edges of the connector 
and are connected separately from the base. 
 
 
Figure 3.3 Base Connector for the Battery Pack and Pressure Sensor. 
 
3.1.2. Battery Pack and Pressure Sensor 
 
The battery pack consists in a carbon fibre or metal (aluminium alloy) carcass surrounding 
the battery and the thermistor, to insulate the pack. The pressure sensor cables also go 
through this carcass, since the bottom face of the insulation cylinder is the sensor (see 
Figure 3.4). 
 
 
Figure 3.4 Battery Pack and Pressure Sensor. 
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3.1.3. Ejection System 
 
To design this subsystem, two options where considered: 
• Pyrotechnic Pop-up. 
• Chemical Corrosion Ejection. 
The first option advantage is the facility to engage when the time comes and to keep in 
OFF state when it is not needed. However, its main drawback is that the circuitry is very 
complex due to the limitation of the system in terms of power storage. On the other hand, 
the circuit used for a chemical corrosion of the junction cable to the carrier specimen is a 
very simple one. The main problem for this method is that it is harder to manage the 
engagement of the process and leakage currents may cause an unwanted ejection of the 
tag. 
 
The ejection system selected for the tag is the corrosion-based system. The main reason 
is due to the huge power limitations in the supply energy. In addition, it is helpful in terms 
if dimensions and price having a simpler circuit to implement. In Appendix F it is concluded 
also that the total energy needed to corrode the anode is relatively low to the total charge 
of the battery. It works thanks to the electrolysis effect, with an iron connector as the anode 
and a metal plate as the cathode. Thus, the anode is positively charged, forming iron ions 
(Fe2+), while the plate is negatively charged. The ions flow from the iron cable reacting and 
combining with the water’s oxygen and hydrogen forming hydrated iron oxide, and thereby 
the cable is corroded eventually. The effect of corrosion occurs also naturally, without 
applying an external voltage. In this situation, the metal with more electric potential is the 
one corroded. This process is much slower than when applying an external voltage, but it 
is important than the cathode of the ejection setup is at rest the one with more potential, to 
prevent the anode from corroding sooner than needed. 
 
To minimize the current consumption while achieving the cable rupture, the longitude of 
the cable exposed to the seawater is only 1mm (see Figure 3.5). It is important to calculate 
the energy that takes to corrode 1mm of the section of the cable chosen for the hook of the 
tag. Thus, an experiment has been performed to measure the current consumption of the 
system (see Appendix F). The result of the experiment is positive since it is derived that 
the system is able to supply enough power. In fact, the total charge needed is low compared 
to the total charge, which makes the design of the circuit easier. 
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Figure 3.5 Ejection System Structure. 
 
3.2. Electric Schematic Design 
 
For the design of the PCB, the circuit has been divided into several subsystems, each one 
in charge of one of the main functionalities needed for the complete system to work properly 
fulfilling the required specifications. These subsystems are described in Table 3.1 Project 
Main Subsystems 
 
Subsystem  Description 
Microcontroller 
The subsystem in control of all the peripherals and tasks in order 
to work properly. 
Power Supply 
The subsystem in charge of guaranteeing the safe charge of the 
battery from both solar and electric power. Also monitoring the 
state of charge of the battery. 
Power Storage 
The subsystem in charge of storing the needed power for the 
whole system to operate. It is made up of a battery system. 
Power 
Management 
The subsystem that provides the control over the power of every 
peripheral to the Microcontroller subsystem. 
Sensors 
The subsystem in charge of the acquisition of all the relevant data 
during the operating life of the system. 
Memory 
The subsystem that allows the storing of all the acquired data 
through time, while being able to keep it even in power off state. 
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Local 
Communications 
The subsystem that enables the communication with a local 
application where the user can configure the device before its 
release upon the carrier specimen. 
Satellite 
Communications 
The subsystem that permits the communication with the chosen 
satellite network (ARGOS) in order to transfer the acquired data to 
the user after performing its task. 
Ejection 
The subsystem that provides the ability of releasing the device 
from the hook attached to the carrier specimen in order for it to 
float to the surface of the sea.   
Table 3.1 Project Main Subsystems. 
 
3.2.1. Microcontroller 
 
 To perform the task of monitoring the whole operation, some instant and critical 
specifications arise for the subsystem to fulfil: 
• Low power consumption modes 
• Real Time Clock/Calendar features (RTCC) 
• Multiple communications protocols (UART, SPI, I2C) 
• Accessibility from the board to program the device (with minimum cost)  
• ADC system  
In addition to the aforementioned basic requirements, some extra features help the 
operation greatly, such as interrupts, several GPIO pins, Timer blocks, adequate program 
memory space, internal oscillators (in order to reduce the external components), etc. 
 
Taking into account the needs of this subsystem, a microcontroller that meet all the 
requirements is the best option, and thanks to the wide market in the area, it can be found. 
Due to being a standard in the microcontroller industry and its vast amount of different 
configurations of its products (that permits finding the device that fits most into a design) 
PIC® microcontrollers from Microchip® were chosen for the purpose [9]. 
 
The model PIC24FJ128GB204 (see Figure 3.6) was chosen among other valid options of 
the same family because it fulfilled all the previously stated requirements but also for 
another key feature that, although it was discarded during an early design stage, was 
considered essential – USB Protocol implementation. However, the USB protocol was 
discarded in favour of the Bluetooth SPP protocol due to its enormous advantage being a 
wireless protocol, helping greatly the task of insulating the device (see Section 3.2.7 for 
further information). 
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Figure 3.6. Side drawing of the PIC24FJ128GB204 microcontroller. 
 
Another key feature of the Microchip® devices is its facility of programming the Program 
Memory in an on-board implementation. The programmer used for this project is the 
MPLAB® ICD 3 In-Circuit Debugger System (see Figure 3.7). This device permits 
debugging the application in real time, on the final board, as well as programming the board 
with only adding to the board a connector for the pins used (MCLR, PGD and PGC). 
However, in this project the board space is highly constrained, so the classic RJ-45 
connector cannot be implemented and a different type of connector is needed. 
 
Figure 3.7. Typical Connection of the ICD3. 
 
For this reason, a third party component is necessary, the Tag-Connect® TC2030-IDC-NL 
(see Figure 3.8). It consists in a cable attached to a special connector that plugs directly to 
the ICD3 programmer. The special connector meets a design to be implemented in the 
PCB (see Figure 3.9) for the programming pins of the microcontroller, thus accessing to 
the Program Memory. 
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Figure 3.8 Tag-Connect Special Connector Cable. 
 
 
Figure 3.9 Pin-out for Tag Connect Connector. 
 
3.2.2. Power Management 
 
The power management subsystem involves the design of the power supply to the board 
as a whole (see Section 3.2.4 to subsystem local supply) and the management of the 
storage power. 
 
The first design decision is choosing operating principle of the power management 
subsystem. The two main possibilities are: 
• High capacity non-rechargeable batteries 
• Low capacity rechargeable batteries 
While Li-ion non-rechargeable batteries capacity go up to 1200mAh, they set a constraint 
on the power management during the device operating period with no margin of error, since 
there is no feasible manner to change the batteries of the tags. The size of the battery 
compartment, as has been stated in Section 3.1, is that which allows a 1/2AA standard 
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battery (see Figure 3.10). On the other hand, Li-ion rechargeable batteries are smaller but 
have way less capacity. For the same battery compartment, the maximum fit was a total of 
three 110mAh batteries (see Figure 3.11), which in parallel would add up to 330mAh. 
However, in this case capacity is not an issue, but it still has the constraint of having to last 
a whole year without any charging period foreseen, as the specifications stated. The main 
issue with rechargeable batteries is the added complexity and electronics –resulting in size 
addition– to the circuit.  
 
 
Figure 3.10. Non-rechargeable Battery. 
 
 
Figure 3.11 Rechargeable Battery Cell. 
 
The solution adopted has been the rechargeable battery implementation. One of the key 
reasons is that this solution ensures a higher reliability in the satellite communications, 
where the assumption of solar energy is contemplated. But also, being this project a 
prototype, the fact that the circuit can be easily adapted to the non-rechargeable solution 
with no hardware addition is very interesting, since virtually both choices are being 
implemented and both could be tested in a future test environment with the same circuit 
design. 
 
3.2.2.1. Photovoltaic Energy 
 
In order to obtain a proficient source of energy at any remote spot in the ocean and given 
the limitations of space in the tag, photovoltaic cells are the best option for a virtually 
unlimited source of power – although it depends on the weather. Since the tag has to meet 
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a hydrodynamic design which makes it cylindrical, a flexible solar panel could cover the 
totality of the device. The diameter of the tag is 24mm, therefore the total length of the solar 
panel has to be less than 75.4mm as seen in Equation 3.1, and the height of the panel has 
to be way less than the total height of the tag, which is 120mm as explained in Section 3.1. 
𝐿 = 𝜋𝐷 =  75.4 𝑚𝑚 
Equation 3.1 
 
It is not easy to find flexible solar cells that can bend forming a circumference of that short 
diameter, but the chosen manufacturer offers a model that has a lot of flexibility (see Figure 
3.12), enough to use it in our design, as it is used already in other tags from the competition. 
Looking at the specifications of the component in Table 3.2 it is assessed that two solar 
panels in parallel configuration would practically cover the whole surface of the tag while 
not surpassing the height constraints. Also, for the Battery Charger System requirements, 
it is important to comprehend the electrical specifications of Table 3.3, as later will be 
explained. 
 
 
Figure 3.12 Flexible Solar Cell layout. 
 
 
Table 3.2 Solar Cell Mechanical Characteristics. 
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Table 3.3 Solar Cell Electrical Characteristics. 
 
3.2.2.2. Battery Charger System 
 
A good battery charger system protects the battery from charging in excess, a situation 
that could damage it forever. To do so, it has to be protected both for overcurrent and 
overvoltage situations. In this project, there are two possible scenarios of charge: 
• Solar Energy 
• Electric energy through the salinity sensor contact (the only contact outside the 
insulation besides the antenna). 
According to Table 3.3, the operating point of the cell is 4.2V with a current of 22mA. This 
means that the two parallel solar cells add up to 44mA with the 4.2 nominal voltage. Li-ion 
batteries charging point is precisely 4.2V, but a current protection is still needed to ensure 
the safety of the batteries [10]. On the other hand, the electric power incoming from the 
salinity sensor contact is going to be a typical 12V charger, so both current and voltage 
protection are needed. 
 
 
Figure 3.13 Battery Charger System Implementation. 
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The IC at issue is the LTC®4070 Li-Ion/Polymer Shunt Battery Charger System, by Linear 
Technology. The manufacturer provides a “Photovoltaic Charger with Extremely Low 
Leakage When Not Charging” implementation that works on a NPN transistor principle. It 
is polarized through its base by the cells or the battery charger and while the battery is 
charging, most of the current goes to it (see Figure 3.13). However, if the battery voltage 
exceeds the threshold voltage chosen for the IC the LTC4070 shunts base-collector 
junction current from the transistor, effectively reducing the battery charging current to zero 
and saturating it. The threshold voltage of the LTC4070 is given by the ADJ pin and also 
drops when the NTC increases its resistance value (which means that the temperature of 
the battery is rising). In this implementation, the ADJ pin connected to GND provides a 
threshold voltage of 4.0V. When charging through the battery charger, an additional resistor 
is needed in order to limit both current and voltage. This resistor, when the input is 12V 
limits the current to 30mA assuming 4V into the battery. In both cases, overcurrent is not 
possible since the LTC4070 can shunt up to 50mA safely. The safety margin for the battery 
charger is 1.6, and the margin with the two solar cells is not even positive, since according 
to the cells IV curve (see Figure 3.14) the maximum current injected is around 30mA. 
However in a real scenario it is impossible for both cells to provide maximum current since 
they are facing opposite directions of the surface of the tag thus it is impossible for both to 
face directly to the sun. Therefore the real safety margin is greater than 1 and it is probably 
around the same value as for the battery charger. If the charging of the battery is through 
the salinity sensor pin, the same node is connected to a pin of the microcontroller (see 
Figure 3.15) to inform of that the tag is being held out of the water. In Section 3.4 the utility 
of this interruption of the microcontroller will be explained. 
 
 
Figure 3.14 Solar Cell IV Curve. 
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Figure 3.15 Detail of the Battery Charger Interruption (BatChar) in the Microcontroller pins. 
 
When there is no charging action, the battery is disconnected from the LTC4070, so a 
decoupling capacitor is connected to decouple the Vcc pin of the IC. The DRV pin is used 
for an external shunt MOSFET, but in this application does not serve any purpose, so it is 
left in float state as requested by the manufacturer. The HBO and LBO pins are monitor 
outputs that indicates high and low battery voltages respectively, but they are not used 
since the state of charge of the battery is provided by the Battery Fuel Gauge, that is going 
to be explained in the following topic. 
3.2.2.3. Battery Fuel Gauge 
 
With the satellite communications consuming most of the battery charge, it is important to 
have a proper knowledge of the state of the battery to decide whether transmitting or not, 
especially when the time window when the data can be sent to the satellite network is 
restricted to the purchase previously arranged. In order to have a better information of the 
state of charge of the battery, an additional circuit is implemented in the circuit, the 
LC709203F Smart LiB Gauge Battery Fuel Gauge LSI, by ON Semiconductor®. This IC 
operates using an algorithm called hybrid gauging by current-voltage tracking with internal 
resistance (HG-CVR) that can provide the relative state of charge (RSOC) of the battery 
with an accuracy up to 0.1%. 
 
 
Figure 3.16 Fuel Gauge IC Implementation Circuit 
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The LSI communicates with the microcontroller using the I2C protocol and also through a 
pin that indicates an alarm state (or low battery) active when low. To ensure the correct 
operation of the ALARMB pin a pull-up resistor connected to Vdd. It also uses a thermistor, 
as well as the Battery Charger System IC (see Figure 3.16). The algorithm of operation of 
the LC709203F is a mix between two previous methods of gauging: 
• Coulomb counting: Good accuracy but an eternal resistor I needed. 
• Voltage measuring: Bad accuracy but no external resistor needed. 
HG-CVR has good accuracy plus it does not need an external resistor because it is based 
mostly in the chemical properties of the Li-ion battery, measuring voltage and temperature 
and using an intern look-up table with the values of OCV and internal resistance, following 
Equation 3.2 and Equation 3.3.  
𝑉𝑣𝑎𝑟𝑖𝑒𝑑 =  𝑉𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑂𝐶𝑉 
Equation 3.2 
 
𝐼 =  
𝑉𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
𝑅𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
 
Equation 3.3 
 
Using the current obtained I and the parameters inside its look-up table, the remaining 
capacity (RM) is calculated (see Equation 3.4). 
𝑅𝑆𝑂𝐶 =  
𝑅𝑀
𝐹𝐶𝐶
 × 100% 
Equation 3.4 
 
Also, the LSI automatically tracks the aging of the battery and the capacity loss. The HG-
CVR has the feature that the error of RSOC converges autonomously, and doesn’t require 
calibration opportunities. 
 
Since there are two circuits trying to access to the same thermistor inside the battery pack, 
a hardware protection circuit has been designed to ensure the correct measure of its value 
for both of the ICs. This circuit is explained below. 
 
3.2.2.4. Thermistor 
 
The two power management IC operate the NTC thermistor value measure using the same 
system (see Figure 3.17). A pulse of a determined width is sent through the pin connected 
to the NTC, through a resistor of the same value of the NTC at 25ºC – 10kΩ. Then through 
another pin the value of the voltage is measured, thus knowing the value of the NTC resistor 
and therefore the temperature. However, if two circuits are trying to access to the measure 
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and bias the voltage divider at the same time, the measure would not be valid. That’s why 
the circuit in Figure 3.18 is needed. 
 
 
Figure 3.17 LTC4070 example of how the Thermistor is driven and measured. 
 
 
Figure 3.18 NTC Driver Circuit. 
 
Using a 2-1 NOR gate of the classic 7400 logic series and a PMOS for driving the Vdd 
voltage to the thermistor are used. When either of the ICs puts a logic ‘1’ into the NOR gate, 
the PMOS sees a ‘0’ in its gate and the voltage divider is biased and the measure is 
performed. When there is no pulse, the PMOS is not conducting and therefore no power is 
wasted. The drawback of this implementation is that there is an extra power consumption 
due to the logic gate and the leakage current of the PMOS transistor. 
 
The value of the B25/85 coefficient thermistor is given for the LTC4070 IC. The manufacturer 
recommends a curve 2 type with B25/85 = 3486K. The value for the LC709203F LSI can be 
written in one of its registers during the initial setup, so it sets no constraint. Therefore, the 
thermistor electrical characteristics are set by the requirements of the LTC4070, and its 
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shape is determined by its placement. Since it is located in the battery pack, a bead-type 
is chosen (see Figure 3.19). 
 
 
Figure 3.19 Bed Type NTC Thermistor. 
 
3.2.3. Power Storage 
 
In today’s electronic market the most widespread rechargeable battery technology is Li-ion 
or Li+. They are the preferred choice for electronic portable devices because their many 
advantages: 
• High capacity-weight ratio compared to other technologies, making the system 
lighter for the same range. 
• High voltage per cell (3.6 or 3.7 nominal), making possible to use simpler battery 
regulators. 
• Minimal memory effect, ensuring that with irregular charges, like the one provided 
by photovoltaic energy, the battery will not lose capacity. 
• Linear discharge of the voltage value, making it easy to measure the SOC of the 
battery only measuring voltage. However, in some applications it is a problem that 
the voltage value of the battery can drop so significantly (2.5V is the minimum 
voltage avoiding deep-discharge of the battery, while 4.2V is the maximum). 
For this project, Li-ion batteries are the preferred choice because of the previous 
advantages and also because of the quantity of specific ICs for this technology 
(LC709203F LSI as an example) that can be found in the market.  
 
While there are not standard sizes and capacities of Li-ion batteries in the market, there 
some typical configurations with similar size and capacity. In the battery pack 4 cells of the 
battery shown in Figure 3.11, which is a 3.6V 110mAh fit connected in parallel. The total 
capacity is then 440mAh, and since they are different cells with no individual battery 
management circuitry, the system cannot reach high levels of discharge. The firmware of 
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the microcontroller is responsible of monitoring the RSOC from the power management 
subsystem and protect the batteries. 
3.2.4. Power Supply 
 
One of the main constraints for this device is the low power consumption needed (see 
Chapter 3) to endure a whole year without charging its battery. Therefore there is a great 
effort in ensuring minimum consumption. Taking into account that most of the time of 
operation the device is in a sleep state, the different components of the tag are clustered 
in three groups, each one powered by a different regulator: 
• Always ON group: ICs that need to be always on, such as the microcontroller and 
the power management ICs 
• Data acquisition group: All sensors and ICs that are used occasionally, when the 
device has entered the acquisition mode. 
• Communications group: All ICs that are used in certain situations: for Bluetooth 
communications and for Satellite communications. 
 
 
Figure 3.20 Set of Regulators used in the circuit 
 
The first group of components is powered by a regulator always enabled, as seen in Figure 
3.20, the regulator that provides Vdd to the whole board. The second group of components 
is powered by the following regulator in the figure, the one that provides 3V3_Vdd signal, 
and it is controlled by the microcontroller by the enable pin 3V3_EN. The last group, the 
communications components group is powered by the last two regulators. Since the IC 
used for the satellite communications needs two voltage supplies of 1.8V and 3.3V to 
operate, an additional regulator with selectable output voltage is used. The Bluetooth 
module is powered by the same 3.3V regulator used for the satellite communications IC. 
The model used for every regulator is the TPS780 by Texas Instruments®. This model 
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comprehends several variations that fulfil the requirements of each group of components. 
The variations used are: 
• TPS780330220: provides either 3.3V or 2.2V depending on the state of pin Vset. 
• TPS78001: provides a variable voltage dependant on a voltage divider connected 
to pins OUT and FB of the IC. 
 
All the components of the project need a stable, constant voltage source to perform 
properly, but as can be seen in the previous Section, the Li-ion batteries have a very wide 
range of voltage output, and can even be less than the nominal supply value of all ICs in 
the board, which is 3.3V. This constraint leaves out of the table classic DC/DC regulators, 
although the fact that they usually need inductors and extra circuitry was already a big 
drawback of using them. On the other hand, LDO (low dropout) voltage regulators have an 
architecture that allows them to provide a steady output voltage even when the input is very 
close to the adjusted output value. In Figure 3.20 a graphic of the output voltage versus 
the input voltage can be seen, and three different regions can be appreciated: 
• OFF region 
• Dropout region 
• Regulation region 
 
 
Figure 3.21 Typical curve of a LDO Voltage Regulator (note the values are representative 
and not the actual TPS780 values). 
 
The limits of these three regions depend strongly on current consumption of the system 
and also the structure of the regulator. As stated before, the output range of the batteries 
is very wide and it can put the regulators used in the circuit easily to work in Dropout mode. 
The regulator used in the project has its OFF region below 2.2V of input voltage. Since this 
value would mean a deep-discharge state of the battery and a situation that is never 
contemplated, it is not an issue reaching this state; the batteries are intended to always 
have higher voltage than that. However dropout region is very possible to reach during the 
tag operation, so the information provided by the manufacturer is essential to know how 
this affects the output voltage (see Figure 3.22 and Figure 3.23). 
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Figure 3.22 TPS78001 Dropout Voltage vs Output Current. 
 
 
Figure 3.23 TPS780330220 Dropout Voltage vs Output Current. 
 
Assuming that neither the “Always ON” regulator nor the “Data acquisition” one will ever be 
drawing more that 25mA and that the temperature will be always less than 25ºC in the sea, 
the dropout voltage is always less than 40mV and is therefore negligible. However, for the 
“Communications” regulators, current can be up to 28mA for the satellite communications 
IC regulator of 1.8V (TPS78001), but anyway, the dropout voltage is less than 50mV for 
consumptions lower than 50mA and is neglected as well. Therefore, the outage voltage 
values for each IC of the circuit is not going to be affected by the dropout voltage value in 
Section 3.5. 
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3.2.5. Sensors 
 
For the tracking purposes of the tag, the principal information needed is the luminosity, and 
a RTCC to pair each sample with the real time when it was obtained. However as explained 
in Section 2.2, the light-based geolocation algorithm can be improved using sea surface 
temperature and magnetic field measures. In order to try to improve the algorithm, also 
pressure and sea conductivity are measured. In this Section, all the sensors and their 
conditioning circuitry used in the system are explained in detail (see Table 3.4 for a brief 
summary). 
 
Sensor  Quantity Description 
Luminosity 2 16-bit ADC converter, I2C communication. 
Temperature 1 12-bit ADC converter, I2C communication. 
Magnetic Field 1 
3 axis magnetic field sensor, 12-bit ADC 
converter each, I2C communication 
Pressure 1 
Resistive bridge sensor, input into the 
microcontroller’s ADC. 
Conductivity 1 
Specific circuit sensor, input into the 
microcontroller’s ADC. 
Table 3.4 Sensor Types. 
3.2.5.1. Luminosity Sensor 
 
The luminosity sensor is the most important data source for the geolocation algorithm used 
in the project. The component used for this task is the ISL29034 from Intersil™. Its 
photodiode array emulates human eye perception cancelling IR frequencies (see Figure 
3.24). In addition, its ADC system cancels 50 and 60Hz flicker of artificial light, but this 
feature is not taken into account for this purpose since no artificial light interference is 
expected. The IC uses a 16-bit ADC which, in its maximum range scale can measure up 
to 64,000lux (see Figure 3.25). The formula after selecting the maximum range is directly 
multiplying the range times the DATA received: 
𝐸𝑐𝑎𝑙 =  
𝑅𝐴𝑁𝐺𝐸
216
× 𝐷𝐴𝑇𝐴 
Equation 3.5 
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Figure 3.24 ISL29034 Wavelength Response. 
 
 
Figure 3.25 ISL29034 Block Diagram. 
 
 
Figure 3.26 Luminosity Sensors Circuit Design. 
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The circuit diagram is simple (see Figure 3.26). The only conditioning circuit needed for the 
luminosity sensors is the input voltage protection circuit for high frequency interferences. 
The 100Ω resistors also would protect the current consumption in the event of a short circuit 
malfunction of the sensor. Also, every sensor using I2C bus communication with the 
microcontroller needs a pull-up resistor on the two lines of the bus. Since the bus is shared, 
only a pair of resistors are used, not two for each sensor. Their values are 10kΩ both.  
 
3.2.5.2. Temperature Sensor 
 
The temperature sensor is an important additional information to calculate the global 
position as explained in Section 2.2. The IC used for this purpose is the TMP102 by Texas 
Instruments®. This device uses a diode temperature sensor which is highly lineal with an 
accuracy of ±0.5ºC and a 12-bit ADC providing a resolution of 0.0625ºC (see Figure 3.27). 
Thanks to it linearity, the equation to obtain the temperature is very straight forward: 
𝑇𝑐𝑎𝑙 = 0,0625℃ × 𝐷𝐴𝑇𝐴 
Equation 3.6 
 
The circuit design is very simple. Only a decoupling capacitor is required for the 
conditioning of this component. The device allows a programmable temperature level to 
trigger the ALERT pin for interruption purposes, but in this project it is not used and is left 
floating (see Figure 3.28). There is also a pin for I2C addressing purposes, changing one 
bit of the address high or low. For this implementation it is pulled-down to GND. 
 
 
Figure 3.27 TMP102 Block Diagram. 
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Figure 3.28 Temperature Sensor Circuit Design. 
 
3.2.5.3. Magnetic Field Sensor 
 
Thanks to the earth own magnetic field, a magnetic field sensor is very helpful to use as an 
auxiliary tool. Taking into account that the position of the poles of earth’s magnetic field are 
known and the direction of the magnetic field relative to the planet’s shape, the information 
provided by a magnetic sensor is really helpful to determine the latitude of the tag. The 
device used for this measure is the TLV493D-A1B6 from Infineon Technologies®. The 
principle of operation is that of a Hall Effect sensor. The IC has 3 Hall Effect sensors each 
one polarised for one Cartesian vector x, y and z (see Figure 3.29 and Figure 3.30). The 
sensors are sequentially connected to the single 12-bit ADC converter and the biasing of 
the system and the values are store in the IC’s register for the microcontroller read them. 
 
 
 
Figure 3.29 TLV493D-A1B6 Block Diagram. 
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Figure 3.30 TLV493D-A1B6 sensors orientation. 
 
The conditioning circuit design only adds a decoupling capacitor for the supply voltage pins. 
It is also connected to the I2C bus for communication with the microcontroller. The I2C 
address is programmable, with a default one internally stored (see Figure 3.31). To obtain 
the magnetic field value from the registers, the 12 bits from the ADC express the two’s 
complement value of the field, where the LSB = 0.098mT. 
𝐵𝑥/𝑦/𝑧 = 0.098𝑚𝑇 × 𝐷𝐴𝑇𝐴2′𝑠𝐶 
Equation 3.7 
 
 
Figure 3.31 Magnetic Field Sensor Circuit Design. 
 
3.2.5.4. Pressure Sensor 
 
One of the essential measures to provide an accurate position using luminosity sensors is 
the pressure (equivalent to the depth). It is known that depending on the depth of the tag 
in the sea the measured luminosity varies, following an inversely proportional relation. 
Therefore, to fully understand the luminosity values at each time, it is mandatory knowing 
the depth into the water at the moment. It is also easy to obtain the depth from the pressure, 
since it follows a proportional relation, being 1 bar (105 Pa) greater every 10 meters deeper. 
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The technology used in this circuit is the most commonly employed sensing technology for 
general purpose pressure measurement. It uses a strain gauge inside a Wheatstone bridge 
(see Figure 3.32) and the principle is easy: When the resistance of the gauge is equal to 
the rest, the output voltage is 0V. This is the minimum pressure, 0 Pa. If the pressure 
increases, the value of the resistance is modified and the output voltage also increases. 
The maximum pressure that is expected to be measured is 20MPa, which corresponds to 
a depth of 2000m. 
 
 
Figure 3.32 Strain Gauge in Wheatstone Bridge Pressure Sensor. 
 
There are two possible methods to implement this sensor in its position under the battery: 
• IC with the sensor, communicating with the microcontroller via I2C. 
• Just the sensor, conditioning it with additional components in the board. 
The two options can be implemented in the design, in order to test both and decide in later 
development versions of the board the final choice. 
 
The conditioning circuit of the raw sensor requires an instrumentation amplifier to amplify 
the output voltage, since it is originally very low. The sensor’s characteristics can be seen 
in Table 3.5. It can be derived that the output voltage of the sensor is very variable, and 
this implies that a calibration is required. Furthermore, the offset can be negative, and since 
in the board the operating voltage range goes from 0V to 3.3V, there can be no negative 
values at the input of the amplifier or that information would be lost. In Appendix E it is 
explained how to avoid this problem using only an additional resistor. 
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Parameter 
Maximum 
Value 
Typical 
Value 
Minimum 
Value 
Units 
Supply voltage 2 ~ 40 V 
Bridge arm resistance 7.7 11 14.3  kΩ 
Measuring range 0 ~ 20 MPa 
Response time - <1 - ms 
Zero output range @25ºC -0.2 0 +0.2 mV/V 
Full-scale output range 1.8 ~ 3 mV/V 
Working temperature -40 ~ 150 ºC 
Table 3.5 Pressure Sensor Characteristics. 
 
The instrumentation amplifier IC is the INA333 by Texas Instruments®. It is low power 
precision instrumentation amplifier offering a gain from 1 to 1000 (see Figure 3.33). The 
gain is set via a resistor RG following the Equation 3.8. 
𝐺 = 1 + 
100𝑘Ω
𝑅𝐺
 
Equation 3.8 
 
The gain chosen for the system is also determined in Appendix E. The obtained value for 
the resistor is 356,75Ω at least, so the closest commercial value and the value of RG is 
360Ω. This resistor provides a gain of 279, which is needed to obtain the pressure measure 
using Equation 3.9. The output of the amplifier is measured using the internal ADC 
converter of the microcontroller, with a resolution of 12-bit. 
𝑃𝑚𝑒𝑎𝑠 =  𝑃𝑚𝑎𝑥  × 
𝑉𝑚𝑒𝑎𝑠
𝐺𝑉𝐹𝑆𝑉𝑑𝑑
 
Equation 3.9 
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Figure 3.33 INA333 Block Diagram. 
 
The circuit also is adapted to solder an integrated IC that uses the same sensor but with 
logic that communicates with the microcontroller via I2C. The choice is implemented via 
0Ω resistors as jumpers (see Figure 3.34). 
 
 
Figure 3.34 Pressure Sensor Circuit Design. 
 
3.2.5.5. Salinity/Conductivity Sensor 
 
The last sensor used for the project is a conductivity sensor for the water. The conductivity 
is related to the salinity of the water, and this measure is a slight constraint that can help 
to the geolocation of the tag. The salt concentration is measured using a unit called PSU 
(Practical Salinity Unit) and it is a relation compared to a solution of sodium chloride (KCl) 
in water (see Figure 3.35). 35 PSU is the equivalent to a solution of 35g of KCl per litre of 
water. The conductivity is also temperature dependant. For example, a sample of 35 PSU 
of practical salinity at 15ºC has a conductivity of 42.9 mS/cm. 
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Figure 3.35 World Wide Sea-Surface Salinity. 
 
The design of this circuit is an adaptation of the circuit developed by the GSS degree thesis 
student Arnau Janer [8]. The principle of operation is a voltage divider, being one of the 
resistors the seawater. The measure is taking sending a pulse using a GPIO of the 
microcontroller through the only contact that is outside the insulating carcass. It is the same 
contact used for the charging of the battery. The “resistor” derived from the sea water 
consists in the resistivity of the distance between the pin and a plated surface connected 
to GND. Thus, the conductivity and afterwards the salinity of the water are obtained. 
 
 
Figure 3.36 Salinity Sensor Circuit Design. 
 
As can be seen in Figure 3.36, the pulse is driven through a PMOS transistor with a logic 
‘0’ in the GPIO port. The voltage divider for calculating the water conductivity is using a 
resistor of 100Ω called Rs1, and the resulting voltage is measured using microcontroller’s 
ADC. The sensor circuitry and the ADC input are protected from the 12V DC input of the 
battery charger using a 10µF capacitor. 
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3.2.6. Memory 
 
In order to store all the data through the operation period of up to one year, an additional 
memory IC is required, since the microcontroller has a very limited capacity. Furthermore, 
the additional memory has to be robust to a power outage. Therefore, the technology 
chosen for this purpose is a FLASH memory. The advantages of this technology are: 
• Non-volatility  
• Long live (up to 100,000 re-writing cycles) 
• Wide offer in the market due to popularity for these applications 
• Small integration with high capacity 
The component chosen for this task is the 32Mb SST26VF032B by Microchip®. It 
communicates to the microcontroller using the SPI protocol (see Figure 3.37).  
 
 
Figure 3.37 SST26VF032B Block Diagram. 
 
 
Figure 3.38 Memory Subsystem Circuit Design. 
 
The device allows two special pins, W# (Write Protect) and HOLD# (Stop SPI 
communication) to be controlled by the Master, but they are not used in this project. The 
rest of the pins are for supply purposes or for the SPI protocol communication (see Figure 
3.38). 
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3.2.7. Local Communications 
The project scope contemplates a method for communication with the tag before being 
released in to the water. An application from a computer is intended to read and set the 
configurable parameters of the tag, given the possibility of customizing the mission for each 
tag. In Section 3.4 the details of this functionality are thoroughly explained. 
 
During the design process it was considered a wired communication using an external 
connector, namely a USB connection, since the microcontroller implements the protocol 
(see Section 3.2.1). However, in terms of mechanical design it supposed a difficult 
implementation since the tag has to be fully insulated. The only external access to the tag’s 
electronics is through the salinity sensor pin. This pin serves a triple purpose: 
• Salinity sensor contact, using a plated contact for the ground plane. 
• Battery charger input, using the same plated plane for GND as well. 
• External interruption for the microcontroller, activating the local communications 
mode anytime the battery charger is connected. 
Thus, a wireless connection is the best option since it offers the ability of fully insulation 
while providing the link, and it can be triggered using the external pin above mentioned. 
The protocol selected is Bluetooth 4.2 Low Energy (BLE) and is due to the popularity and 
versatility of it. With the exponential growth of the portable devices, one of the protocols 
more used to interconnect them is Bluetooth a later BLE, since it supports different profiles 
of operation. The most interesting one for simplicity is SPP [11], since the microcontroller 
supports UART and can communicate through the Bluetooth protocol stack directly to the 
computer application. The popularity of the protocol helps in providing a wide spectrum of 
devices offering every Bluetooth profile. Therefore, the device is selected to offer an 
implementation of the SPP profile, without the need of previous programming. It is the 
RN4871 by Microchip®.  This component offers a complete BLE solution with the SPP 
profile, configured via UART using ASCII commands, and once configured, providing a 
virtual UART link with any connected device. The module includes the antenna, the crystal 
oscillator and matching circuitry internally, so no additional components are required. As 
seen in Figure 3.39 it can be connected to other peripherals and manage the data, but in 
this application all the management is done by the microcontroller. 
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Figure 3.39 RN4871 Block Diagram. 
 
The conditioning circuit for this element is very simple (see Figure 3.40). The only issues 
are: 
• Reset pin protection resistor and capacitor 
• P2_0 pin connected to Vdd. It determines the operating mode, being ‘1’ the 
standard application mode and ‘0’ Firmware update mode. 
• LED implementation in pin P0_2, active when the module is transmitting through 
the UART port. 
The device is supplied by the communications regulator, as seen in Section 3.2.4. 
 
 
Figure 3.40 Bluetooth Subsystem Circuit Design. 
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3.2.8. Satellite Communications 
 
Once the operating life ends, the Satellite Communications subsystem is in charge of 
transmitting all the data stored in the FLASH memory into the ARGOS satellite network. 
The network operates at 400-466MHz. The circuitry required for this purpose has to 
include: 
• An integrated transceiver to handle the data to be sent. 
• An antenna with a switch, used for the transmitter and the receiver. 
• A power amplifier for the transmitter. 
The device selected is a prototype developed by AnSem® of very recent creation, which 
works as a fully operational transceiver between the ARGOS 2/3/4 satellite network and 
the tag. It commercially distributed under the name ARTIC. Since it is a very new product, 
the only documentation available is a preliminary datasheet, with the recommended 
configuration for the IC. This layout has been used for the design of the schematic. The 
only values that have not been determined are the receiver matching circuit, since it is out 
of the scope of this project. The rest of the circuit has been implemented following the 
preliminary datasheet instructions (see Figure 3.41). 
 
 
Figure 3.41 Satellite Communications Subsystem Circuit Design. 
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The devices used for the conditioning circuit of the ARTIC IC are: 
• Power Amplifier: BGA2815 by NXP®. It is a 50Ω matched power amplifier with a 
gain of at least 24.7dB to the frequency of the ARGOS system. 
• RF Switch: SKYA21012 by Skyworks®. It is a 20MHz to 6GHz Gallium Arsenide 
(GaAs) SPDT Switch, which is suitable for the frequency of the system. 
• Crystal Oscillator: TG2016SBN by Seiko Epson®. It is a 26MHz TCXO. 
The power amplifier is supplied via a PMOS transistor controlled by the microcontroller, to 
have it OFF when it is not required to use it. C2 and C3 are used to eliminate DC currents 
and low frequency undesirable signals. The RF switch is controlled by two signals from the 
ARTIC, to choose between TX and RX. The crystal oscillator has a decoupling capacitor 
between Vdd and GND. The microcontroller communicates with the ARTIC using the SPI 
protocol. It uses also some GPIO signals for the RESETB pin, the BOOT pin (used to 
program the device each time it is reset) and two interruption inputs for information 
purposes. 
 
3.2.9. Ejection 
 
As seen in Section 3.1, the method chosen is the chemical corrosion. The circuit 
implementation can be seen in Figure 3.42. 
 
 
Figure 3.42 Ejection System Circuit Design. 
 
The circuit consists in a PMOS transistor controlled by a GPIO of the microcontroller. The 
gate has a pull-up resistor of 100k to ensure the OFF state in any transient period. The 
current consumption is protected using the 150Ω resistor and is monitored using two ADC 
channels, to measure the voltage and thereby the current using the resistor. 
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The leakage current of the PMOS transistor in OFF state has to be taken into account 
because it could be the cause of malfunction during the year. Fortunately, the manufacturer 
states that it is very small, being the typical value 1µA for a 16V VDS, it will not suppose a 
problem, since it would take more than the maximum expected operation period to being 
able of actually corrode the junction cable with the actual VDS of 3.3V. Furthermore, as 
explained in Section 3.1.3, the system is designed to make the plate of a material of greater 
electric potential, which also contributes to protect the anode during the operating life of 
the tag. 
 
3.3. Printed Circuit Board Design 
 
The design of any circuit nowadays is made using an Electronic Design Automation (EDA) 
software. These programs help in the printing of the PCB layout from the electric schematic, 
and the output files have been standardized to a practical format (GERBER) for the 
manufacturers to use them for their printing machines. There are many EDA in the market, 
but they cost a good amount of money. In order to save for the project’s budget, an open 
source EDA has been used to design the tag: KiCAD. The PCB design tool of this EDA is 
called PcbNew. It offers a panel with a selectable grid for designs in any dimension (see 
Figure 3.43).  
 
 
Figure 3.43 KiCAD PcbNew Work Panel. 
 
Before designing a PCB, all the manufacturer’s concerns and specifications about design 
have to be set. Usually a manufacturer will inform the costumer about what it is capable of, 
but usually the more complex a design is, the more expensive it will become. Therefore 
one may not mistake the absolute specifications from the cheapest design specifications. 
For this project, the manufacturer chosen is SeeedStudio®. In addition to the absolute 
specifications located in Annex B, some constraints have to be set by the costumer.  
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The difficulty of the design required 4 layers. In order to improve the interference 
cancellation of the RF noise, a grid-like inner layers configuration was designed for this 
iteration (see Figure 3.44). To carry out this configuration, blind vias were necessary. Blind 
vias are vias that only interconnect between the inner layers in a multi-layer PCB, as 
opposed to regular vias that form a connection path between every layer of the board.  
 
 
Figure 3.44 Detail from the Inner Layers of the PCB First Iteration. 
 
Unfortunately, this specification was adopted before choosing the manufacturer. It is known 
that blind vias result in a more expensive board, but for every manufacturer, the price was 
increased tenfold approximately. So the final specifications adopted can be seen in Table 
3.66. The new design of the board was using the classical approach of using the inner 
layers as ground plane and power plane, while having the signals in the outer layers. This 
favours a distributed capacitance between the power and ground planes. Figure 3.45 
shows the final result. Each layer of the final design of the board can be found in Annex C. 
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Figure 3.45 Final PCB of the Project. 
 
Parameter Value 
Number of Layers 4 
Dimensions 60mm x 20mm 
PCB Thickness 1.6mm 
Minimum Solder Mask Dam 0.1mm 
Copper weight (per ft2) 1oz 
Minimum Tracking and Spacing 6mil 
Minimum Hole Size 0.3mm 
Blind Vias NO 
Half-cut Holes NO 
Table 3.6 PCB Specifications. 
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3.4. Firmware Design 
 
The control of the whole operation of the device is made via the microcontroller of the circuit. 
It is communicated to all the other components through different protocols and has to keep 
track of the real time to determine the position and the state of the mission. The 
manufacturer of the microcontroller IC also provides a free integrated development 
environment (IDE) to code, debug and program its microcontrollers. The IDE is the MPLAB 
X by Microchip®. It uses the compiler XC16 for 16-bit microcontrollers, also by Microchip® 
[12]. The programming languages supported by the compiler are assembly, C and C++. 
This project is mainly coded in C language [13]. To program the device, the IDE requires a 
physical programmer, as seen in Section 3.2.1.  
 
The firmware design of the project consists in a fully functional code for the tag to operate 
during its lifespan. It is however a first iteration and must be improved in the future work for 
it to be more robust. This will be commented in Chapter 7. The principle of operation is 
locking into the different possible states of the tag sequentially while the conditions are met 
for it to change of state. There are 4 main states or ‘modes’ of operation, namely: 
• Bluetooth Mode 
• Acquisition Mode 
• Ejection Mode 
• Satellite Communications Mode 
The following section will explain each mode of operation and the conditions that have to 
occur to enter in a mode or another. However, no actual code will be shown. Instead, 
flowcharts of every main function in the code can be seen to illustrate the functions. All the 
code text can be found in Appendix D.  
 
The main flowchart of the code can be seen in Figure 3.46. It is integrated by different 
‘mode’ functions, among other functions. The first state is the initializing all the modules. 
This includes all the hardware needed for the communication protocols as well as the 
interruptions, the ADC, timers and RTCC (see Figure 3.47).  
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Figure 3.46 Firmware Main Function. 
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Figure 3.47 System Initialize Function. 
 
 
Figure 3.48 Writing ID Program. 
 
Then, the first step is checking the ID of the tag. This ID is set using a previous program 
used in the manufacturing process (see Figure 3.48). The ID feature comes in the FLASH 
memory, where there is a reserved space to write a device ID, apart from the internal device 
ID. The user defined ID can be blocked for writing forever, acting as a factory-set ID [14]. 
The function flowchart to read the ID is shown in Figure 3.49. The ID of the tag is read from 
the FLASH memory via SPI [15], and if it has been set before, it is stored as a variable to 
use it later. However, if the ID has not been set by the manufacturer, an error sequence is 
returned. In a real scenario, this case could only mean a manufacturing error of the tag. 
 
  66 
 
Figure 3.49 Read ID Flowchart. 
 
After the ID Read function has been called, the program main function checks if the 
returned ID is valid. If an ERROR is returned, the main function is blocked in an  error 
function (see ). This informs the user that some hardware (or manufacturing error) has 
occurred. In this case, the tag can only be reset by the manufacturer, either programming 
properly a tag ID or repairing the hardware problems that may have led to this problem. If 
the ID read is a valid one, the device enters in the Bluetooth communications mode, the 
mode where the user communicates with the tag. 
 
3.4.1. Bluetooth Mode 
 
In this mode, the Bluetooth module and the FLASH memory are enabled. The 
communication between the user and the tag is done using a graphical interface in the user 
terminal (PC or mobile device). This interface permits the visualization of the current 
configuration of the tag as well as 3 other commands: 
• READ DATA: Reads the data present in the FLASH memory. It is stored in a file to 
processed by the data processing software later. 
• SET CONFIGURATION: Opens a settings window where the configuration of the 
tag is chosen and sent to the device. 
• START ACQUISITION: Sends the order of starting the acquisition operation. If the 
configuration settings have not been set, the command will first request to set the 
parameters. 
Periodically, the tag configuration is requested by the application, so the current 
configuration will always be refreshed and displayed on the screen. In  Figure 3.50 there is 
an example of how the interface looks. 
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Figure 3.50 User Interface of the Bluetooth Communication. 
 
The communication protocol between the tag and the application is a Master-Slave type 
(see Figure 3.51).   The microcontroller locks in a state of waiting for the application to send 
a command to it. The user has to introduce the ID of the tag he/she is addressing, and this 
ID is sent before the command requested by the user every time. Whenever data is 
received by the Bluetooth module, it is transparently put into the UART port of the 
microcontroller [16]. The ID of the command is then compared to the one of the tag and if 
they match, the command is processed (see Figure 3.52). 
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Figure 3.51 Command Sequence Diagram. 
  
  69 
 
Figure 3.52 Bluetooth Mode Function. 
 
For a detailed description of the protocol regarding each command, see Appendix G. When 
the START ACQUISITION command is received, the microcontroller sets an alarm in the 
RTCC module for the date configured by the user to start the operating life. Then, it enters 
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into the Wait Start Date state which consists in sleeping until the alarm wakes the 
microcontroller and the program moves forward to Acquisition Mode [17] (see Figure 3.53). 
 
 
Figure 3.53 Wait Start Date Function. 
 
3.4.2. Acquisition Mode 
 
The main functionality of the tag is performed in this mode. This function consists in 
periodically read and store the values of the different sensors into the FLASH memory. The 
period of acquisition is stablished by the user in Bluetooth Mode using the user application. 
The operation mode of the function can be seen in Figure 3.54. First of all, the alarm 
interrupt of the RTCC is set to activate with the period set by the user. Then, every time 
the interrupt wakes the microcontroller, the data of the sensors is read and stored in the 
memory. Finally, the different ejection conditions are checked. If the ejection conditions are 
met or a battery charging interruption happens, the function terminates and the main 
program goes to Ejection Mode or Bluetooth Mode respectively. Before the acquisition 
process, the sensors’ voltage supply is powered on and then off after the process.  
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Figure 3.54 Acquisition Mode Function. 
 
3.4.3. Ejection Mode 
 
In this function, the circuit in charge of corroding the cable is activated. The function 
flowchart is shown in Figure 3.55. First the circuit is powered on. Then, a period is set to 
check the pressure value until it stabilizes in 1 bar approximately. The function makes the 
microcontroller remain in a state of sleep until the surface is reached according to the 
pressure measures. Then, the circuit is powered off.  
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Figure 3.55 Ejection Mode Function. 
 
3.4.4. Satellite Communications Mode 
 
This function is not in the scope of the project. It has not been coded, but the flowchart has 
been included since the functionality and relationship with the main function is 
contemplated in the scope (see Figure 3.56). The idea consists in sending the data when 
there is line-of-sight with the ARGOS satellites. If there is not enough capacity in the 
batteries, the microcontroller puts everything to sleep while waiting for the sun to charge 
the batteries through the solar cells. The waiting period is fixed and the RTCC alarm 
interrupt wakes the microcontroller periodically to check the state of the batteries. After 
sending the data, the microcontroller enters in an endless state of sleep, only exiting if an 
external interrupt occurs (tag retrieval). If the external interrupt happens during the function, 
the microcontroller also exits this state and goes to Bluetooth Mode in both cases.  
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Figure 3.56 Satellite Communications Mode Function. 
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3.5. Consumption and Power Analysis 
 
The power supply of the tag is one of the biggest concerns of the project. It has been stated 
that the tag will be powered with a rechargeable Li-ion battery with a nominal voltage of 
3.7V. This type of batteries have a significant voltage drop while discharging. Thus, it is 
important to characterize the voltage drop for this battery technology. Usually, for Li-ion 
batteries the cut-off voltage is around 3V (see Figure 3.57). The voltage depends on the 
current draw, but for this project it will never be more than 0.2C, so the black curve of Figure 
3.57 can be assumed for this project. In Section 3.2.4 it has been proved that the LDO 
regulators always have a dropout voltage lower than 50mV.   
 
 
Figure 3.57 Li-ion Batteries Typical Discharge Profile. 
 
With this information, the battery SOC considered as ‘Low Voltage’ depends on the 
electrical characteristics of the different components. As it can be seen in Table 3.7, the 
most restrictive element is the PA, with a minimum voltage of 3V. This is precisely the cut-
off voltage of the Li-ion cell, so it is also the 0% of capacity voltage value. To provide a 
certain Safety Margin, the system control firmware considers a low voltage emergency 
when the SOC value reaches 5% or the voltage value VBAT drops below 3.2V. Under any 
of these circumstances, the ejection system is triggered and the tag aborts any further data 
acquisition (it is an ejection condition). 
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Reference Device VMIN (V) VMAX (V) VSUPPLY (V) 
LC709203F Fuel Gauge 2.5 4.5 VBAT 
74LVC1G02 NOR Gate 1.65 5.5 3.3 
ISL29034 Luminosity Sensor 2.25 3.63 3.3 
TMP102 Temperature Sensor 1.4 3.6 3.3 
TLV493D-A1B6 Magnetic Field Sensor 2.8  3.5 3.3 
PIC24FJ128GB204 Microcontroller 2.0 3.6 3.3 
- 
Piezoelectric 
Pressure Sensor 
2.0 40 3.3 
INA333 Instrumentation Amplifier 1.8 5.5 3.3 
SST26VF032B FLASH Memory 2.7 3.6 3.3 
RN4871 BLE Module 1.9 3.6 3.3 
BGA2815 Power Amplifier 3.0 3.6 3.3 
ARTIC 
Satcoms Module 3V3 
Satcoms Module 1V8 
- 
- 
3.63 
1.9 
3.3 
1.8 
TPS780 Regulator 2.2 5.5 VBAT 
Table 3.7 Allowable Operating Conditions of the Devices. 
 
Another analysis required is the estimation of the power consumption while performing the 
data acquisition process. It has to be significantly less than the 95% of the total capacity 
for the maximum lifespan –one year–. To perform this estimation, a timing estimation of 
each procedure needs to be calculated, taking into account its clock frequency. The 
analysis can be seen in Appendix H. The battery capacity calculated for one year of 
deployment length is 44.75% for the worst case consumption assumed for every 
component. This is a positive result, since it implies the feasibility of the data acquisition 
with the requirements of the project.  
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3.6. Test Implementation 
 
The testing of the firmware and the interconnection of components of the board has been 
done using a UART communication through a serial port with a PC. The device used for 
the conversion of UART to USB is a module based in the FT232RL IC by FTDI® (see 
Figure 3.58). 
 
 
Figure 3.58 FT232RLMG Module. 
 
In addition to the communications module, special code functions where written to preform 
each task separately and being able to debug using other tools like the oscilloscope or the 
multimeter. 
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4. Results 
In this Chapter all the achieved goals and all the tested requirements of the project are 
reviewed. It is important to note that the final objective of the whole project has not been 
reached, although it has been stated that this thesis only focuses on the hardware and 
firmware elements of the project. Therefore, it does not depend on the results of this thesis 
achieving the final stage of the prototype. Since a final prototype could not be reached to 
test the global functionalities, every element has been tested individually.  
 
Following the results, the circuit design has been modified into a Version 2 (see Appendix 
A) that solves all the issues encountered in the test phase. In the following Sections the 
modifications to correct the issues are explained after the issues. 
4.1. Power Management Results 
 
Both the Battery Charger IC and the Fuel Gauge LSI have been tested and are working 
correctly. However, the real charging scenario of solar power charging could not be tested. 
This is due to the manufacturer of the flexible solar cells. In the span of this project and 
even some time before, the panels have been purchased twice, but they were never sent 
by the manufacturer. Then, the company was contacted the two times, but there was never 
an answer. This company produces the flexible solar cells that are mounted in the SeaTag 
S.A.M. by Desert Star Systems®, so it was believed that the company was reliable, but in 
the end, it is not. The next step to take to solve this issue is to try to talk to other 
manufacturers or even try to reach the initial manufacturer to obtain an explanation. 
 
4.2. Power Storage and Supply Results 
 
The batteries and regulators used for this device have worked properly during the testing 
of all the other components. They have not required an individual testing, since they power 
the rest of the devices while testing them. As calculated in Section 3.2.4, the dropout 
voltage of the regulators was around 50mV, less most of the time when powered with 
voltages below the nominal Vdd. 
 
4.3. Sensors Results 
 
During the study of feasibility of the project, the PAE team offered a set of sensors to be 
used in the project. This sensors were supposed to fulfil each requirement of all of them, 
but in the end they all have been proved unsuitable for the project. Unfortunately, some of 
them were discarded after building the first version of the circuit. Therefore, the 
manufactured PCB included some sensors that will not be featured in any final version of 
the tag. 
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4.3.1. Luminosity Sensor 
 
The luminosity sensor suggested by the PAE team worked properly and all the electrical 
specifications had been checked and made it suitable for the tag. However, this type of 
sensors are meant for screen luminosity sensors for mobile phones. This means that only 
one of them are placed in the system, and for this reason it had the problem that they only 
have one I2C address. For this device, two light sensors (at least) are needed. After some 
more research, a more suitable sensor was found: VEML6030 by Vishay Semiconductors®. 
It has the same characteristics than the one used, but it has a different package of 6 pins. 
One of the additional pins can be used to select between two possible I2C addresses (see 
Figure 4.1). Note in the Figure that each sensor has the address pin ADDR connected to 
a different plane, thus achieving different addresses for each sensor. 
 
Figure 4.1 New Luminosity Sensors Circuit Design. 
 
4.3.2. Temperature Sensor 
 
The original sensor suggested by the research team was obsolete. After some research, 
the sensor mounted in the first version of the schematic was found and during the testing 
process it has been proved useful. Therefore, this sensor is not changed in the latest 
version of the circuit. 
 
4.3.3. Magnetic Field Sensor 
 
The IC suggested by the PAE team was mounted and tested successfully. However, during 
the testing process, it was found that the operation method required a very unusual pin 
distribution where the SCL wire of the I2C communication protocol has to be polled as well 
as an external interruption for the microcontroller. This setup is a very intricate design 
problem, since the I2C protocol is carried out by an standalone hardware in the 
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microcontroller [18], while the interruption are carried by another hardware section, and 
pins are permanently dedicated to one or the other function. 
 
In addition, the resolution of the device was found not suitable for the world magnetic field 
measurements. Thus, a research process was carried away and a better option was found: 
MAG3110 by NXP Semiconductors®. This chip is an improvement in terms of consumption, 
resolution and also in terms of communication with its predecessor. The sensibility of this 
chip is 0.1µT. Taking into account that the module of the earth’s magnetic field varies 
5.76nT per nautical mile (according to the WMM), using this sensor an accuracy of 
approximately 17.36 miles or 32.15km.  
 
 
Figure 4.2 New Magnetic Sensor Circuit Design. 
 
In terms of communication, the interrupt pin is connected to an external interruption pin of 
the microcontroller, leaving the I2C pins performing as the standard operation. The only 
drawback is the necessity of adding three extra capacitors to the design (see Figure 4.2). 
 
4.3.4. Pressure Sensor 
 
The pressure sensor, as explained in Section 3.2.5.4, allows two types of sensors to be 
mounted: IC with the sensor communicating through I2C protocol and the raw sensor with 
an instrumental amplifier, along with a conditioning circuit. The tests show a trade-off 
between the advantages and drawbacks of both: 
• The I2C version is the ME782 by Metallux® (see Figure 4.3). It has the great 
advantage of the sensor being conditioned beforehand. This saves time of testing 
the sensor and firmware compensating the error. Its main drawback is that the 
sensor costs significantly more than the other setup. 
• The ADC version of the sensor is the cheapest of options, and while it has been 
compensated to make the error corrigible, it requires a software compensation for 
each sensor to have the best accuracy (see Figure 4.4). 
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Figure 4.3 ME782 by Metallux®. 
 
 
Figure 4.4 Ceramic Piezo-resistive Gauge for ADC Solution. 
 
The conclusion is that if the production is large enough to negotiate an interesting price 
with the manufacturer of the ME782, taking into account the time saved in adjusting each 
sensor individually, the preferred choice is the ME782. However, since it can be ensured, 
the second version of the circuit still contemplates the two options. 
 
4.3.5. Salinity/Conductivity Sensor 
 
This sensor has been tested successfully in the undergraduate thesis mentioned in Section 
3.2.5.5. The circuit has not been tested further in this project [8]. 
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4.4. Memory Results 
 
The IC proposed by the PAE research team was obsolete. It also did not have enough 
memory capacity to fulfil the standard requirements of 10-minute period acquisition during 
one year. Therefore, it was not included in the first version. The selected IC can be seen in 
Section 3.2.6. The SPI communication has been tested successfully and the writing and 
reading process has been accomplished. However, it has been detected that the writing 
process is extremely sensitive to electromagnetic interference, and this issue has not been 
able to be corrected. The next steps include: 
• Test the process using a different manufacturer IC, since the pinout is a standard 
for SPI FLASH memories. 
• Using different IC of the same model, and compare the protocol handling of each 
manufacturer. 
4.5. Local Communications Results 
 
The Bluetooth Module has been tested separately in a specifically designed evaluation 
board. This test board communicates directly to the UART to USB module used to test the 
prototype, since it is controlled using UART protocol (see Figure 4.5). Having reproduced 
the configuration process with a PC terminal, next step is to include this process in the 
microcontroller’s code, thus establishing the SPP Bluetooth profile. 
 
 
Figure 4.5 Bluetooth Evaluation Board. 
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4.6. Ejection System Results 
 
The ejection system has been tested during the corrosion experiment that is documented 
in Appendix F. 
 
4.7. Firmware Results 
 
As explained in the beginning of the Chapter, the firmware could not be tested in a final 
version of the product. However, it has been tested modularly, since the testing process 
required of the microcontroller activating and interacting with the rest of the blocks of the 
circuit. Nevertheless, every hardware modification has to be met with its firmware 
modification as well, so the future work includes adapting the firmware to the hardware 
modifications that have been explained through this Chapter. 
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5. Budget 
 
This thesis deals with a part of a project big project. For this reason, only the hardware and 
firmware costs will be included. In addition to these costs, the whole project budget analysis 
would have to include also the mechanical design of the tag, the satellite communications 
setup and test and finally the software design of the user application as well as the data 
processing. The Chapter will discuss the price of the latest version of the Circuit, since it is 
the design that truly fulfils all the requirements. However, only one PCB design and order 
process will be taken into account. This is because in the time lapse of this thesis, the 
prototyping of the final circuit has not been reached. Therefore, this cost analysis is not a 
real cost analysis of the budget required for a real case scenario prototyping. Anyway, the 
prices of the manpower will represent a real case scenario for the span that the thesis has 
been going on. 
 
In Table 5.1 the price of the prototype can be seen. The price of the components are 
obtained from its reference on the dealer Mouser Electronics®. These items will have an 
in the reference cell. The Battery Charger IC is not available from this dealer and its price 
is obtained through Digi-Key®, another electronics dealer. As mentioned in Section 3.3, 
the PCB boards are ordered to SeeedStudio®. The price includes 10 boards, but they do 
not charge less if 5 boards are ordered (which is the minimum quantity of boards that can 
be ordered), so the price of the PCB will be a tenth of the price of the whole order. The 
passive components are priced at 1€ every ten samples. Therefore, each one will be priced 
at 0.1€. The antenna and the salinity stub are symbolically priced at 1€. The batteries (3 
units) are priced at 4€ as a mean value in the Chinese market (AliExpress®). The pressure 
sensor price is also obtained from a mean of the Chinese market. The prices correspond 
to September 2017.  
 
The price of the ARTIC IC is almost half of the total price of the prototype materials. Being 
the only fully integrated solution for the ARGOS satellite network, it is still considered in the 
circuit design. However, this price has to be discussed with the manufacturer, and 
ultimately, the IC could be replaced by other solutions more affordable in the future versions 
of the circuit. Also, the programmer special cable TC2030-MCP-NL and the UART to USB 
converter FT232RLMG are only required to be bought once. Therefore, in terms of 
production, the price of the circuit is 202.85€, including the negotiable 115.00€ of the 
ARTIC IC. 
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Table 5.1 Prototype Materials Cost. 
 
Ref Type Value Reference Qty Price (€) 
AE1 Antenna - - 1 1 
BT1 Battery 3x110mAh AliExpress 3 4 
C Capacitor - - 17 0.1 
D LED SML-D12U1WT86 755-SML-D12U1WT86 2 0.2 
L Inductor - - 2 0.1 
P1 Sensor 200bar AliExpress 1 7.91 
P2 Salinity Sensor 
Stub 
- - 1 1 
P3 Ejection System 
Stub 
- - 1 1 
P4 Programmer TC2030-MCP-NL 579-TC2030-MCP-NL 1 31.92 
Q1/2 Dual-PMOS NTJD4152P 863-NTJD4152PT2G 2 0.462 
Q3/4/
5 
Transistor MMBT2222LT1G 863-MMBT2222LT1G 3 0.123 
R Resistor - - 28 0.1 
SC1/2 Solar Cell SP4.2-37 FlexiCells 2 5.5 
TH1 Thermistor C100Y103J 527-C100Y103J 1 3.61 
U1 Microcontroller PIC24FJ128GB204 579-P24FJ128GB204IPT 1 4.47 
U2 Transceiver ARTIC - 1 *115.00* 
U3 Power Amplifier BGA2815 771-BGA2815115 1 0.443 
U4 RF Switch SKYA21012 873-SKYA21012 1 0.723 
U5/11
/14 
Voltage 
Regulator 
TPS780330220 595-TPS780330220DDCR 3 0.92 
U6 Instrumentation 
Amplifier 
INA333 595-INA333AIDGKR 1 3.65 
U7/8 Luminosity 
Sensor 
VEML6030 78-VEML6030 2 1.62 
U9 Magnetic 
Sensor 
MAG3110FCR1 841-MAG3110FCR1 1 1.31 
U10 FLASH Memory SST26VF032B 579-T26VF032BT104ISM 1 1.75 
U12 Battery Charger LTC4070 LTC4070EMS8E#PBF-ND 1 4.4 
U13 NOR Logic Gate 74LVC1G02 771-LVC1G02GW125 1 0.302 
U15 Voltage 
Regulator 
TPS78001 595-TPS78001DDCR 1 0.92 
U16 Fuel Gauge LC709203F 863-LC709203FQH01TWG 1 1.54 
U17 Bluetooth 
Module 
RN4871 579-RN4871-V/RM118 1 7.96 
U18 Temperature 
Sensor 
TMP102 595-TMP102AIDRLR 1 1.4 
X1 Crystal 
Oscillator 
SG210 732-20S16.0KCGNCM0 1 1.05 
PCB PCB - SeeedStudio 1 7.97 
FT UART-to-USB 
Converter 
FT232RLMG Onda Radio 1 5.77 
TOTAL 240.50 
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The manpower of the prototyping is accounted in Table 5.2. The price of the working hours 
is fixed in 50€. This price is not the earned money of the engineer. Instead, is a reference 
price accounting all the expenses in a company, such as: 
• Office rental and maintenance. 
• Equipment amortization. 
• Manpower hours. 
Therefore, the costs obtained in this Section is the price a customer would have to pay to 
obtain the circuit design of this thesis. The manpower hours are calculated working 5 days 
a week, 4 hours a day. 
 
Task Subtask 
Span 
(days) 
Working 
Hours 
Total 
Cost (€) 
- Arrangement Meeting 1 2 100 
Circuit 
Schematic 
Design 
Design Examination 15 43 2150 
Circuit Design 30 86 4300 
PCB Design PCB Design 30 85 4250 
Firmware 
Design 
Protocol Research 15 43 2150 
Firmware Design 45 128 6400 
Testing 
Testing Procedure 40 114 5700 
Test Report  5 14 700 
Circuit v2 
Design 
Circuit v2 Design 15 43 2150 
TOTAL - 196 558 27900 
Table 5.2 Prototyping Cost. 
 
In terms of financial viability it is clear that the project relies very much in the public 
university financial aid, since it covers most of the prototyping cost. If the project had to be 
carried out by an engineering consulting company, the customer assuming the costs in its 
entirety, its financial viability would be at stake. 
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6. Environment Impact 
This Master Thesis, by its own, has not an environmental impact. The designing, 
prototyping, of the hardware and firmware has not an excessive cost, more than the 
prototype materials and electric energy to run the instruments used for the different tasks. 
However, in its global vision, taking into account that the circuit is designed for a tagging 
device, it has environmental trade-off.  
 
On one hand, this devices are released into the ocean with low probability of retrieval. It 
can be eaten by a predator, putting in risk the life of the animal. It also has a high probability 
of ending as waste in the ocean. Plastic wastelands are one of the main problems in the 
oceanic ecosystems, so contributing to the problem, even at a small scale as it is with these 
tags, is always a negative aspect. 
 
On the other hand, these type of tags help ecologic organizations study the manners of the 
Bluefin Tuna and can help to regulate the fishing periods and zones of the oceans, thus 
helping the survival of the species and also the fishing industry in a long term. 
 
To conclude, many fishing tags may be retrieved by fishing ships. These tags can be 
recovered by the users, making possible its reutilization.  
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7. Conclusions and future development 
The design of the hardware and firmware of this project have several requirements. 
However, this requirements led to a single principle. The idea and the ultimate purpose of 
the electronic tag project is achieving a design and a final product that can compete with 
the specifications of the tags that the ACPR has been buying, but offering a great reduction 
in the selling price. In comparison of the tags already existing in the market, the conclusions 
regarding the fulfilment of the specifications are diverse depending on them. Some of them 
have been met easily, proving that in this aspect the fulfilment of the ultimate requirement 
may be possible, but other specifications have been proved a real challenge and may 
compromise the success of the project. 
 
Since this thesis comprises only the hardware and firmware design, this Chapter do not 
evaluate the User Application software design nor the mechanical design. Regarding the 
hardware design, most of the hardware has been proved suitable for the application. One 
of the main problems encountered involved the solar cells and the manufacturer not 
sending the components. The general overview of the prototype contemplated two power 
management modes of operation. Therefore, this setback can easily be solved using a 
non-rechargeable battery of higher capacity, as explained in Section 3.2.2, sacrificing only 
retransmission capability, but not the ability of retrieving all the information in any case. 
 
The main problem encountered in this thesis involved the satellite communications and 
changed the scope of the thesis from the beginning. The methodology for data retrieval is 
in every other tag’s case the ARGOS satellite network. For this project, the previous PAE 
team had contacted with the only supplier of a fully integrated solution for this network. 
However, the budget and time required for this solution was not available in this project. 
Also, the price offered to the PAE team by the manufacturer also compromises the viability 
of the project. Therefore, this issue is discussed in the future work section. 
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7.1. Future Work 
 
Regarding to this thesis, the immediate future work is the adjustment of the PCB to the 
changes introduced in the new version of the circuit design. Also the firmware needs to be 
slightly modified to fit the latest hardware version. While the firmware design flowcharts 
remain the same, the hardware modifications allow the program to use the Deep Sleep 
feature always, and the code has to be adapted to this feature. 
 
In the scope of the whole project, the pendent tasks to have a fully functional prototype 
version are: 
• Designing the mechanical aspects of the tag. Although some of the specifications 
were stablished during the PAE analysis steps, the design is still not defined. 
• Setup the ARGOS satellite network communication system. A thorough study has 
to be carried out to determine whether or not to use the ARTIC integrated solution. 
If not, the hardware design of the alternative solution would be another step. If the 
ARTIC is the solution chosen after the analysis, the firmware and test phases of the 
block should be implemented. 
• Finally, the data processing and the software design of the user interface are the 
largest amount of work remaining. This step involves the coding of a whole user 
interface that can process the configuration data entered by the user and program 
it to the tag. It also has to provide the data retrieved after the deployment of a tag 
and process it to give specific information of the Bluefin tuna behaviour. 
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Appendices  
Appendix A. Circuit Schematic 
The latest version of the circuit design. It has been debugged and all the missing 
components found after testing the built version have been added: 
Ref Type Value Footprint Where Used 
AE1 Connector 01x01 
Drill (Pitch 
0.1”) 
Satcoms Module 
(Antenna) 
BT1 Connector 01x02 
Drill (Pitch 
0.1”) 
Power Storage 
(Battery)   
C1 Capacitor 0,1 µF SMD 0603 Satcoms Module 
C2 Capacitor - SMD 0603 Satcoms Module  
C3 Capacitor - SMD 0603 Satcoms Module 
C4 Capacitor - SMD 0603 Satcoms Module 
C5 Capacitor - SMD 0603 Satcoms Module 
C6 Capacitor 1 µF SMD 0603 Fuel Gauge  
C7 Capacitor 0,1 µF SMD 0603 Luminosity Sensor  
C8 Capacitor 0,1 µF SMD 0603 Luminosity Sensor  
C9 Capacitor 0,01 µF SMD 0603 Temperature Sensor  
C10 Capacitor 0,1 µF SMD 0603 Battery Charger  
C11 Capacitor 0,1 µF SMD 0603 External Interruption  
C12 Capacitor 10 µF SMD 0805 Salinity Sensor  
C13 Capacitor 1 µF SMD 0603 Bluetooth Module  
C14 Capacitor 0,1 µF SMD 0603 Magnetic Field Sensor 
C15 Capacitor 0,1 µF SMD 0603 Magnetic Field Sensor 
C16 Capacitor 0,1 µF SMD 0603 Magnetic Field Sensor 
C17 Capacitor 0,1 µF SMD 0603 Magnetic Field Sensor 
D1 LED - SMD 0603 Microcontroller  
D2 LED - SMD 0603 Bluetooth Module 
L1 Inductor - SMD 1610 Satcoms Module 
L2 Inductor - SMD 1610 Satcoms Module 
P1 Connector 02x02 
Drill (Pitch 
0.1”) 
Pressure Sensor  
P2 Connector 01x01 
Drill (Pitch 
0.1”) 
Salinity Sensor  
P3 Connector 01x02 
Drill (Pitch 
0.1”) 
Ejection System  
P4 Connector TC2030 SMD Microcontroller  
Q1 Dual-PMOS NTJD4152P SOT-363 
Salinity Sensor & 
Satcoms Module 
Q2 Dual-PMOS NTJD4152P SOT-363 
Ejection System & 
Thermistor Bias Circuit 
Q3 Transistor NPN SOT-23 Battery Charger  
Q4 Transistor NPN SOT-23 Battery Charger  
Q5 Transistor NPN SOT-23 Battery Charger  
R1 Resistor 10 kΩ SMD 0603 Fuel Gauge  
R2 Resistor 100 Ω SMD 0603 Fuel Gauge  
R3 Resistor 10 kΩ SMD 0603 Thermistor Bias Circuit  
R4 Resistor - SMD 0603 Satcoms Module 
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R5 Resistor 4.7 kΩ SMD 0603 Bluetooth Module  
R6 Resistor 1 MΩ SMD 0603 External Interruption  
R7 Resistor 510 kΩ SMD 0603 Power Supply 
R8 Resistor 10 kΩ SMD 0603 Salinity Sensor 
R9 Resistor 1 MΩ SMD 0603 Power Supply 
R10 Resistor 330 Ω SMD 0603 Microcontroller 
R11 Resistor 330 Ω SMD 0603 Bluetooth Module 
R12 Resistor 100 kΩ SMD 0603 Ejection System 
R13 Resistor 150 Ω SMD 0603 Ejection System 
R14 Resistor 100 kΩ SMD 0603 Ejection System 
R15 Resistor 100 kΩ SMD 0603 Ejection System 
R16 Resistor 50 kΩ SMD 0805 Microcontroller 
R17 Resistor 270 Ω SMD 1206 Battery Charger  
R18 Resistor 10 kΩ SMD 0603 Luminosity Sensor 
R19 Resistor 10 kΩ SMD 0603 Luminosity Sensor 
R20 Resistor 10 MΩ SMD 0603 Pressure Sensor 
R21 Resistor 250 kΩ SMD 0603 Microcontroller 
RD1 Resistor 10 kΩ SMD 0603 Salinity Sensor 
Rg1 Resistor 360 Ω SMD 0603 Pressure Sensor 
Ri1 Resistor 0 Ω SMD 0603 Pressure Sensor 
Ri2 Resistor 0 Ω SMD 0603 Pressure Sensor 
RO1 Resistor 0 Ω SMD 0603 Pressure Sensor 
RO2 Resistor 0 Ω SMD 0603 Pressure Sensor 
Rs1 Resistor 100 Ω SMD 0603 Salinity Sensor 
Ru1 Resistor 4.7 kΩ SMD 0603 I2C Pull-up 
Ru2 Resistor 4.7 kΩ SMD 0603 I2C Pull-up 
SC1 Connector 01x02 
Drill (Pitch 
0.1”) 
Solar Cell 
SC2 Connector 01x02 
Drill (Pitch 
0.1”) 
Solar Cell 
TH1 Connector 01x02 
Drill (Pitch 
0.1”) 
Thermistor  
U1 Microcontroller PIC24FJ128GB204 
44-Lead TQFP 
(Pitch 0.8mm) 
Microcontroller 
U2 Transceiver ARTIC 
48-Lead QFN 
(Pitch 0.5mm) 
Satcoms Module 
U3 
Power 
Amplifier 
BGA2815 SOT-363 Satcoms Module 
U4 RF Switch SKYA21012 
6-Lead DFN 
(Pitch 0.4mm) 
Satcoms Module 
U5 
Voltage 
Regulator 
TPS780330220 SOT-23-5 Power Supply 
U6 
Instrumentation 
Amplifier 
INA333 
8-Lead TSSOP 
(Pitch 0.65mm) 
Pressure Sensor 
U7 
Luminosity 
Sensor 
VEML6030 
R-PDSO-G6 
(Pitch 0.65mm) 
Luminosity Sensor 
U8 
Luminosity 
Sensor 
VEML6030 
R-PDSO-G6 
(Pitch 0.65mm) 
Luminosity Sensor 
U9 
Magnetic Field 
Sensor 
MAG3110FCR1 
10-Lead DFN 
(Pitch 0.4mm) 
Magnetic Field Sensor 
U10 
FLASH 
Memory 
SST26VF032B 
8-Lead SOIJ 
(Pitch 1.27mm) 
Memory 
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U11 
Voltage 
Regulator 
TPS780330220 SOT-23-5 Power Supply 
U12 
Battery 
Charger 
LTC4070 
8-Lead MSOP 
(Pitch 0.65mm) 
Battery Charger 
U13 
NOR Logic 
Gate 
74LVC1G02 SOT Thermistor Bias Circuit 
U14 
Voltage 
Regulator 
TPS780330220 SOT-23-5 Power Supply 
U15 
Voltage 
Regulator 
TPS78001 SOT-23-5 Power Supply 
U16 Fuel Gauge LC709203F 
8-Lead DFN 
(Pitch 0.65mm) 
Fuel Gauge 
U17 
Bluetooth 
Module 
RN4871 RN4871 Bluetooth Module 
U18 
Temperature 
Sensor 
TMP102 SOT-363 Temperature Sensor 
X1 
Crystal 
Oscillator 
SG210 
4-pin SMD 
Oscillator 
Satcoms Module 
 
Table I. Latest Version of the BOM 
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The built Circuit Schematic for the project. This circuit has been used for testing and 
corrected with the results into the latest version (see Table I and File: test_v2.sch): 
 
Ref Type Value Footprint Where Used 
AE1 Connector 01x01 
Drill (Pitch 
0.1”) 
Satcoms Module 
(Antenna) 
BT1 Connector 01x02 
Drill (Pitch 
0.1”) 
Power Storage 
(Battery)   
C1 Capacitor 0,1 µF SMD 0603 Satcoms Module 
C2 Capacitor - SMD 0603 Satcoms Module  
C3 Capacitor - SMD 0603 Satcoms Module 
C4 Capacitor - SMD 0603 Satcoms Module 
C5 Capacitor - SMD 0603 Satcoms Module 
C6 Capacitor 1 µF SMD 0603 Fuel Gauge  
C7 Capacitor 0,1 µF SMD 0603 Luminosity Sensor  
C8 Capacitor 0,1 µF SMD 0603 Luminosity Sensor  
C9 Capacitor 0,01 µF SMD 0603 Temperature Sensor  
C10 Capacitor 0,1 µF SMD 0603 Battery Charger  
C11 Capacitor 0,1 µF SMD 0603 External Interruption  
C12 Capacitor 10 µF SMD 0805 Salinity Sensor  
C13 Capacitor 1 µF SMD 0603 Bluetooth Module  
C14 Capacitor 0,1 µF SMD 0603 Magnetic Field Sensor 
D1 LED - SMD 0603 Microcontroller  
D2 Diode - SOD-323 Battery Charger  
D3 LED - SMD 0603 Bluetooth Module 
JP1 Resistor 10 kΩ SMD 1206 Microcontroller 
L1 Inductor - SMD 1610 Satcoms Module 
L2 Inductor - SMD 1610 Satcoms Module 
P1 Connector 02x02 
Drill (Pitch 
0.1”) 
Pressure Sensor  
P2 Connector 01x01 
Drill (Pitch 
0.1”) 
Salinity Sensor  
P3 Connector 01x02 
Drill (Pitch 
0.1”) 
Ejection System  
P6 Connector TC2030 SMD Microcontroller  
Q1 Dual-PMOS NTJD4152P SOT-363 
Salinity Sensor & 
Satcoms Module 
Q2 Dual-PMOS NTJD4152P SOT-363 
Ejection System & 
Thermistor Bias Circuit 
Q3 Transistor NPN SOT-23 Battery Charger  
Q4 Transistor NPN SOT-23 Battery Charger  
Q5 Transistor NPN SOT-23 Battery Charger  
R1 Resistor 10 kΩ SMD 0603 Fuel Gauge  
R2 Resistor 100 Ω SMD 0603 Fuel Gauge  
R3 Resistor 10 kΩ SMD 0603 Thermistor Bias Circuit  
R4 Resistor - SMD 0603 Satcoms Module 
R5 Resistor 4.7 kΩ SMD 0603 Bluetooth Module  
R6 Resistor 1 MΩ SMD 0603 External Interruption  
R7 Resistor 510 kΩ SMD 0603 Power Supply 
R8 Resistor 10 kΩ SMD 0603 Salinity Sensor 
R9 Resistor 1 MΩ SMD 0603 Power Supply 
R10 Resistor 330 Ω SMD 0603 Microcontroller 
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R11 Resistor 330 Ω SMD 0603 Bluetooth Module 
R12 Resistor 100 kΩ SMD 0603 Ejection System 
R13 Resistor 150 Ω SMD 0603 Ejection System 
R14 Resistor 100 kΩ SMD 0603 Ejection System 
R15 Resistor 100 kΩ SMD 0603 Ejection System 
R16 Resistor 270 Ω SMD 1206 Battery Charger  
RD1 Resistor 10 kΩ SMD 0603 Salinity Sensor 
Rg1 Resistor 360 Ω SMD 0603 Pressure Sensor 
Ri1 Resistor 0 Ω SMD 0603 Pressure Sensor 
Ri2 Resistor 0 Ω SMD 0603 Pressure Sensor 
RO1 Resistor 0 Ω SMD 0603 Pressure Sensor 
RO2 Resistor 0 Ω SMD 0603 Pressure Sensor 
Rs1 Resistor 100 Ω SMD 0603 Salinity Sensor 
Ru1 Resistor 4.7 kΩ SMD 0603 I2C Pull-up 
Ru2 Resistor 4.7 kΩ SMD 0603 I2C Pull-up 
SC1 Connector 01x02 
Drill (Pitch 
0.1”) 
Solar Cell 
SC2 Connector 01x02 
Drill (Pitch 
0.1”) 
Solar Cell 
TH1 Connector 01x02 
Drill (Pitch 
0.1”) 
Thermistor  
U1 Microcontroller PIC24FJ128GB204 
44-Lead TQFP 
(Pitch 0.8mm) 
Microcontroller 
U2 Transceiver ARTIC 
48-Lead QFN 
(Pitch 0.5mm) 
Satcoms Module 
U3 
Power 
Amplifier 
BGA2815 SOT-363 Satcoms Module 
U4 RF Switch SKYA21012 
6-Lead QFN 
(Pitch 0.4mm) 
Satcoms Module 
U5 
Voltage 
Regulator 
TPS780330220 SOT-23-5 Power Supply 
U6 
Instrumentation 
Amplifier 
INA333 
8-Lead TSSOP 
(Pitch 0.65mm) 
Pressure Sensor 
U7 
Luminosity 
Sensor 
ISL29034 4-Lead ODFN Luminosity Sensor 
U8 
Luminosity 
Sensor 
ISL29034 4-Lead ODFN Luminosity Sensor 
U9 
Magnetic Field 
Sensor 
TLV493-D SOT-23-6 Magnetic Field Sensor 
U10 
FLASH 
Memory 
SST26VF032B 
8-Lead SOIJ 
(Pitch 1.27mm) 
Memory 
U11 
Voltage 
Regulator 
TPS780330220 SOT-23-5 Power Supply 
U12 
Battery 
Charger 
LTC4070 
8-Lead MSOP 
(Pitch 0.65mm) 
Battery Charger 
U13 
NOR Logic 
Gate 
74LVC1G02 SOT Thermistor Bias Circuit 
U14 
Voltage 
Regulator 
TPS780330220 SOT-23-5 Power Supply 
U15 
Voltage 
Regulator 
TPS78001 SOT-23-5 Power Supply 
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U16 Fuel Gauge LC709203F 
8-Lead DFN 
(Pitch 0.65mm) 
Fuel Gauge 
U17 
Bluetooth 
Module 
RN4871 RN4871 Bluetooth Module 
U18 
Temperature 
Sensor 
TMP102 SOT-363 Temperature Sensor 
X1 
Crystal 
Oscillator 
SG210 
4-pin SMD 
Oscillator 
Satcoms Module 
 
Table II. Built Circuit Version of the BOM. 
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Appendix B. PCB Specifications (Seeed Studio) 
Fusion PCB Specification 
Seeed Fusion Service offers one-stop prototyping service for PCB(printed circuit board) 
service, PCBA (PCB Assembly) service and other electronic and mechanical customized 
service (like CNC milling,3D printing, PCB layout service) 
 
1. PCB Gerber 
The Gerber format is an open 2D binary vector image file format. It is the standard file used 
by printed circuit board (PCB) industry software to describe the printed circuit board 
images: copper layers, solder mask, legend, etc. 
Gerber files should be inside a .rar or.zip archive with standard file extensions: 
      Extension                                 Layer 
 
▪ pcbname.GTL               Top Copper  
▪ pcbname.GTS               Top Soldermask 
▪ pcbname.GTO               Top Silkscreen 
▪ pcbname.GBL                Bottom copper 
▪ pcbname.GBS                Bottom Soldermask: 
▪ pcbname.GBO                Bottom Silkscreen: 
▪ pcbname.TXT                 Drills 
▪ pcbname.GML/GKO        Board Outline 
▪ pcbname.GL2                   Inner Layer2( for ≥4 layer) 
▪ pcbname.GL3                   Inner Layer3( for ≥4 layer) 
 
Notes:1. Gerber file must be the RS-274x format.   
         2. Drill file(pcbname.TXT) should be Excellon format. 
         3. Gerber file and Drill file(pcb name.TXT) must be put in the same file.   
         4. Board outline is must 
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2. PCB Specification for FR4-TG130 
Items 
 
Description 
Specs 
Unit: mm 
Board Dimension 
Min size 
10mm*10mm 
Tip: If your board width is smaller 
than this size, you can make a 
bigger panel and use slots to 
separate the board. 
Max size 500*500mm 
Available Board La
yers 
1-16 layers  
Available Board Qt
y 
Min：5pcs  
Max: 8000pcs  
Dielectric Constant 4.2-4.7  
Dielectric Separati
on thickness 
 0.075 - 5.0 
1-2 layers 0.6, 0.8, 1, 1.2, 1.6, 2, 2.5, 3 
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Available Board Th
ickness 
4 layers 0.8, 1, 1.2, 1.6, 2, 2.5, 3 
6-8 layers 1, 1.2, 1.6, 2, 2.5, 3 
10 layers 1.2, 1.6, 2, 2.5, 3 
12 layers 1.6, 2, 2.5, 3 
14 layers 2, 2.5, 3 
16 layers 2.5,3 
Available Board Co
pper Weigh 
1oz.  2oz.  3oz.  
Board Thickness T
olerance 
± 10%  
Minimum trace 
spacing / width 
 
 
 
For 1oz, 4/4mil, 5/5mil, 6/6mil 
For 2oz, 10/10mil 
For 3oz, 15/15mil 
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Minimum 
trace width in inner 
layers 
(for 4 layers board) 
 
≥6mil 
Minimum distance 
between trace and 
copper pour 
 
For 1oz     ≥8mil 
 For 2oz     ≥12mil  
 For 3oz     ≥15mi 
Minimum distance 
between vias 
(plated holes) 
 
≥12mil 
Aim to prevent Ion migration 
Minimum distance 
between via(plated 
holes) and trace 
 
≥12mil  
Aim to prevent Ion migration 
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Annular Rings 
 
≥0.152mm/6mil 
Outer Layer Coppe
r Thickness 
 
0.035-0.07(1oz-2oz) 
Inner Layer Coppe
r Thickness 
 
0.017(0.5oz) 
Drilling Hole Diam
eter(Mechanical) 
 0.2 - 6.3mm 
Width of Solder 
Mask Dam 
 
 
Normal: 
≥0.32mm for Green 
≥0.35mm for Other colors 
Limitation(need extra fee): 
≥0.10mm for Green  
≥0.13mm for Other colors 
Diameter of 
Castellated Holes 
 
 
≥0.50mm 
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Size of BGA 
 
 
For 6/6mil ≥0.45mm  
For 5/5mil ≥0.35mm  
For 4/4mil ≥0.25mm 
Circuit to edge 
 
≥0.3mm 
Minimum distance 
between inner trac
e and non-plated 
hole 
 
≥0.2mm/7.87mil 
Minimum silkscree
n height/trace 
width 
 
height ≥0.5842mm /23mil 
trace width ≥0.1016mm /4mil 
Perfect aspect ratio
 of silkscreen 
1：5  
Silkscreen colour  
Silkscreen colour is WHITE   when 
solder mask is Green, Red, Yellow, 
Blue, Black 
 
  105 
Silkscreen colour is BLACK when 
solder mask is white 
 
 
 
Minimum distance 
between pad and s
ilkscreen 
 
≥0.1524mm/6mil 
Minimum milling sl
ot width 
 ≥0.8mm 
Slot Tolerance(Mec
hanical) 
 ±0.15mm 
The minimum boar
d dimension of V-
CUT 
 
The V-cut line only is 
cut from edge to edge 
≥70*55mm 
The maximum boa
rd dimension of V-
CUT 
≤380*380mm 
The minimum sub-
board dimension o
f V-CUT 
≥8*8mm 
PCB production ti
me(build time) 
3-14 working days 
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Aluminum Board Specification 
Layer: 1，2 
Available Board Thickness: 1mm, 1.2mm, 1.6mm, 2mm 
QTY within: min : 5, max:8000 
Board Dimension: 
min : 10mm*10mm 
max : 500*500mm 
Available Board Colour: 
White (Silkscreen is black) 
Black (Silkscreen is white ) 
Copper weight: 1oz 
Surface Finish: HASL, HASL lead free,  ENIG, OSP，Hard Gold 
Minimum Trace Width: 4mil 
Minimum Trace Spacing: 4mil 
Minimum Drilling Hole: 0.2mm 
Production Lead Time: 5-11 business days 
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FPC Board Specification 
Layer: 1，2 
Available Board Thickness: 0.1mm,0.15mm 
QTY within: min:5,max:8000 
Board Dimension: max:100mm*100mm 
Available Board Colour: Yellow 
Silkscreen: White 
Copper weight: 0.5oz 
Surface Finish: ENIG 
Minimum Trace Width: 0.10mm 
Minimum Trace Spacing: 0.10mm 
Minimum Drilling Hole: 0.3mm 
Production Lead Time: 5-7 business days 
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Appendix C. PCB Layout Layers 
Final PCB Layers: 
Front Plane: 
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Power Plane: 
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Ground Plane: 
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Back Plane: 
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Appendix D. Complete Firmware of the Project  
 
The whole firmware of the project is included in the folder below. This firmware is divided 
into a modular architecture of different functions, which can be used both for testing 
process and for the final version. The header files are also included, and they correspond 
to the MPLAB X IDE with the XC16 Compiler. 
 
version1.X.zip
 
I. Firmware files of the project. 
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Appendix E. Pressure Sensor Conditioning Circuit 
The Wheatstone bridge where the gauge is placed and the main gauge have tolerances 
that can result in an error offset. This error will be called Vzero+. This offset is given by the 
manufacturer as a maximum of ±0.2mV/V, as seen in the following table, the parameter 
called zero output range @25ºC: 
 
Parameter 
Maximum 
Value 
Typical 
Value 
Minimum 
Value 
Units 
Supply voltage 2 ~ 40 V 
Bridge arm resistance 7.7 11 14.3  kΩ 
Measuring range 0 ~ 20 MPa 
Response time - <1 - ms 
Zero output range @25ºC -0.2 0 +0.2 mV/V 
Full-scale output range 1.8 ~ 3 mV/V 
Working temperature -40 ~ 150 ºC 
Table I. Pressure Sensor Characteristics. 
 
This means that, in the worst case, having an offset of Vzero+ = -0.2mV/V and the worst full-
scale output for this case being 1.8mV/V would suppose more than a 10% of negative 
voltage values. Since the power for the amplifier is unipolar between 0 and Vdd, it means 
that between 0 and more than 200 metres of depth the pressure sensor would not give a 
different value than 0. 
 
Therefore, one of the arms of the Wheatstone bridge is decompensated to produce a 
permanent offset ensuring readings always above 0. The original sensor output voltage 
range (Vout) can be seen in Figure I. The output voltage range after ideally decompensating 
this 0.2mV/V is showed on Figure II.  
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Figure I. Original Vout vs. pressure function. 
 
 
Figure II. Ideal Conditioned Vout vs. pressure function. 
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To achieve the output in Figure II, 0.2mV/V have to be permanently added to the Vout value, 
which is the difference between two voltage dividers, as seen in Figure III. This means that 
a forced offset is added to the node where the gauge is connected. This way any error   
offset added by the tolerances of the resistors in the sensor is cancelled, in case of being 
negative. Equivalently, an ideal current source at the output equivalent resistor would result 
in increasing the voltage value (see Figure IV). From now on , the value of the variables 
are assuming that Vdd = 3.3V 
 
 
Figure III. Pressure Sensor Equivalent Circuit. 
 
 
Figure IV. Ideal Current Source Equivalent. 
 
The equivalent circuit to determine the current value to counteract Voffset is shown in Figure 
V. Equation I is used to calculate the value of Ioffset. It has to be noted that the equivalent 
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impedance Z0 has also a tolerance of 30% and the value of Ioffset is calculated for the worst 
case of this impedance. 
 
 
Figure V. Equivalent Output Circuit. 
 
𝐼𝑜𝑓𝑓𝑠𝑒𝑡 =
𝑉𝑜𝑓𝑓𝑠𝑒𝑡
𝑍0
= 171 𝑛𝐴,  
    𝑉𝑜𝑓𝑓𝑠𝑒𝑡 = 𝑉𝑧𝑒𝑟𝑜+ × 𝑉𝑑𝑑 = 0.66 𝑚𝑉 
    𝑍0 = 5.5𝑘Ω + 30% 
Equation I. 
 
The assumption of the ideal current source is only possible if the resistor value is much 
larger than the rest of the resistors in the circuit. The resistor value then is calculated to 
see if the current source equivalence is valid (Figure VI). 
 
 
Figure VI. Roffset Calculation Equivalence. 
 
𝑅𝑜𝑓𝑓𝑠𝑒𝑡 =
𝑉𝑑𝑑
2⁄
𝐼𝑜𝑓𝑓𝑠𝑒𝑡
= 9.8𝑀Ω 
Equation II. 
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The closest commercial value is 10MΩ. This value of Roffset adequately bigger than the 
equivalent Z0, so the calculations using an ideal current source are valid. The final circuit 
is shown in Figure VII. The error of using a 10MΩ resistor instead of a 9.8MΩ is calculated 
for the worst case in Equation III. The result gives that the maximum error will always be 
less than 1bar, which is enough for this project. 
 
 
Figure VII. Final Sensor Circuit. 
 
𝑃𝑜𝑓𝑓𝑠𝑒𝑡  = 𝑃𝑚𝑎𝑥
(
𝑉𝑑𝑑
2⁄
𝑅𝑜𝑓𝑓𝑠𝑒𝑡
× 𝑍0𝑚𝑖𝑛) − 𝑉𝑧𝑒𝑟𝑜+
𝑉𝐹𝑆𝑚𝑖𝑛𝑉𝑑𝑑
=  −0.83 𝑏𝑎𝑟 
Equation III. 
 
The gain chosen for the system is determined using the maximum full-scale voltage (VFS) 
from the pressure sensor plus the maximum positive offset (Voffset) according to the 
manufacturer. Equation IV is used to obtain the maximum gain (G) of the system. Then RG 
can be calculated knowing the maximum gain in order not to saturate the output. The 
calculation of the minimum RG using every parameter involved can be seen in Table II. It 
is done using the equation given by the manufacturer (see Equation V).  
𝐺 ((𝑉𝐹𝑆𝑚𝑎𝑥 + 𝑉𝑧𝑒𝑟𝑜+)𝑉𝑑𝑑 +  𝑉𝑜𝑓𝑓𝑠𝑒𝑡) =  𝑉+ = 3.3𝑉 
Equation IV. 
 
𝐺 = 1 + 
100𝑘Ω
𝑅𝐺
 
 
Equation V. 
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Gain Calculation 
Typical Case Worst Case 
Z0 5.5kΩ Z0 7.15kΩ 
Ioffset 165nA Ioffset 165nA 
Voffset 0.9075mV Voffset 1.18mV 
G 287.77 G 281.1 
RG 348.5 RG 356.75 
 
Taking into account the worst case, the next commercial higher value is 360Ω. Using this 
value, the gain is calculated using the manufacturer’s equation again, giving a value of  
𝐺 = 279 
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Appendix F. Corrosion Experiment 
The experiment consists in a setup where a copy example of the anode (see Figure I) from 
the tag is connected to a voltage generator at 3V. The anode is placed next to the cathode 
plate inside a seawater vase (see Figure II). A power supply is then connected to the two 
metals and the results of current consumption are recorded. 
 
 
Figure I. Anode example. 
 
 
Figure II. Experiment Setup. 
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Figure III. Experiment Final State. 
 
The results show that it is possible to the batteries of the system to provide the energy 
required for the corrosion to occur (Figure III). However, by means of protection to the 
batteries, a resistor is included in the path. The value of the resistor is 150Ω, so the current 
draw is limited to 22mA for a VDS of 3.3V. This limitation results in an increase of the 
required time for the anode to corrode, but since the limitless draw is not much bigger, it is 
not a significant increase. In Figure IV the result of the experiment and the expected result 
taking into account the current limitation due to the resistor.  
 
The total battery charge needed for the ejection in the experiment is the integral of the 
current over time (see Figure IV). This integral gives an approximate 6mAh. In the firmware, 
it is assumed that at least 10mAh are needed (to have a security factor of 1.6) to eject the 
tag from the hook. It represents a 3% of the total capacity of the battery. 
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Figure IV. Ejection System Current Consumption over Time. 
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Appendix G. Bluetooth Mode Protocol 
 
In this Appendix, the Bluetooth Protocol is explained in detail. Figure I represents the basic 
communication process between the user application and the tag. The command sent by 
the application consists in 1 byte of command type (a character) and a 4 bytes 
corresponding to the ID of the tag the command is addressing (Figure II). The ID is required 
to permit having different tags communicating with the same application. When more than 
one tag is listening, only the one addressed by the ID will answer and process the petition. 
 
 
Figure I. Protocol of Communication. 
 
 
 
Figure II. Application Command. 
 
There are four main commands to be sent by the application: 
• READ DATA 
  123 
• SET CONFIGURATION 
• READ CONFIGURATION 
• START ACQUISITION 
 
READ DATA 
This command requests the tag all the data (if any) acquired in any previous operating life. 
This data is stored in blocks of 23 bytes every acquisition process until the end of life of the 
mission. Apart from the sensors data, the real time value and used sensors byte is stored. 
The used sensors byte is needed since the measures will not be performed and therefore 
the bytes written will not be taken into account (see Figure III). 
 
 
Figure III. Data Block Sample. 
 
When requested, the tag sends first the number of blocks that are going to be transmitted. 
Once it has finished sending the data blocks, the ACK block is sent (3 bytes). Then the tag 
is ready again waiting for the next command (Figure IV). 
 
 
 
Figure IV. Data Transmission Block 
 
SET CONFIGURATION 
This command puts the tag listening to the UART port, waiting for the configuration data 
to be received. This data is stored in the tag’s variables, and is the configuration that will 
be used when the acquisition period comes. The time variables are in the format of the 
standard “time.h” C library (see Figure V). On of the variables is not used, since it is a flag 
for daylight saving. In this project the time variables are always UTC (Figure VI). 
 
 
Figure V. Time Struct Format for “time.h” C library. 
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Figure VI. Data Exchange of the Tag. 
 
READ CONFIGURATION 
This command request the configuration variables plus the state of charge of the battery 
and the cell voltage. It is called by the user application periodically to refresh the data 
displayed to the user (Figure VII). 
 
 
Figure VII. Data Transmitted by the Tag. 
  
START ACQUISITION 
When the tag receives this command, it exits the Bluetooth Mode after sending an ACK to 
the application. Then it sleeps until the start date. 
 
APPLICATION INTERFACE 
As it has been stated before, the user communicates with the tag using an application form 
a PC or portable device. This application is permits sending all the previous commands. It 
has been designed using MATLAB® GUIDE, as an example. For portable devices, the 
programming language will have to be Android or Switch (iOS). 
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Figure VIII. User Interface of the Application. 
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Figure IX. Settings Window to Set the Configuration of the Tag. 
 
 
Figure X. Save Data Window (for the Read Data Command). 
 
 
Figure XI. Start Acquisition Window for Confirmation.  
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Appendix H. Acquisition Power Consumption Analysis 
This Appendix includes the estimation of the power consumption during 1 year of data 
acquisition assuming the conditions present in Table I. 
 
Parameter Value Units 
Microcontroller’s Clock Frequency 4 MHz/MIPS 
I2C SCL Frequency 400 kHz 
I2C Character (8bit data + 1bit ACK) 9 bit 
SPI SCK Frequency 1 MHz 
SPI Character 8 bit 
Data Acquisition Period 10 Min 
Tag Data Deployment Length 1 year 
No Battery Charging - - 
Table I. Power Analysis Assumptions. 
 
The analysis takes into account the time it takes to perform a full data acquisition plus a 
Safety Margin of 1.5 to include the time spent by the microcontroller in perform all the 
instructions. The data transactions that take place in an acquisition period every 10 minutes 
can be seen in Table II. The pressure sensor needs less than 1ms to ensure stabilization 
in the measure, but this time is not taken into account since the measure is read the last 
one, so the Wheatstone bridge has time to stabilize the reading. The total time adds up to 
1,35ms. With the SM of 1.5 the total time is rounded to 2ms. This means that the period 
where all the sensors are powered and all the data is acquired is 2ms every 10 minutes. 
This represents a 0,0003% of the total year. 
 
Device Protocol/Module 
Number of 
bits of 
transaction 
Additional 
Time 
Total Time 
Memory  SPI 224 20 µs 244 µs 
Fuel Gauge I2C 36 - 90 µs 
Luminosity 
Sensor 
I2C 36 - 90 µs 
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Temperature 
Sensor 
I2C 36 - 90 µs 
Magnetic 
Field Sensor 
I2C 216 470 µs 830 µs 
Pressure 
Sensor 
ADC 13 1 µs 4.26 µs 
Salinity 
Sensor 
ADC 13 1 µs 4.26 µs 
Table II. ON Time Required for a Data Acquisition Period. 
 
This leads to differentiate three consumption states.  
• Active while Acquiring Data (AAD) 
• Idle while Acquiring Data (IAD) 
• Sleeping Consumption (SC) 
First one is the consumption of a sensor or device that is performing a task of handling 
data. Second one is the consumption of a component powered but in idle state. The last 
one is the main state during the year and represents the consumption when the tag is in 
sleeping mode. In Table III each current consumption and the total capacity required can 
be found for every component involved in the Acquisition Mode. The current consumption 
of each device is taken from its datasheet assuming the worst case. 
 
Component Part Number 
AAD 
(µA) 
IAD 
(µA) 
SC 
(µA) 
Number 
of Units 
TOTAL 
Capacity 
(mAh) 
Microcontroller PIC24FJ128GB204 2000 2000 1,42 1 12,497 
PMOS NTJD4152P 1 1 1 4 35,04 
Fuel Gauge LC709203F 4,5 2 2 1 17,52 
Battery 
Charger 
LTC4070 0 0 0 1 0 
FET Transistor MMBT2222LT1 0,01 0,01 0,01 3 0,0876 
Always EN 
Regulator 
TPS780330220 5 5 5 1 43,8 
NOR Gate 74LVC1G02 4 4 4 1 35,04 
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Sensors 
Regulator 
TPS780330220 5 5 0,13 1 1,14 
Disabled 
Regulators 
TPS780 0,13 0,13 0,13 2 2,28 
Memory SST26VF032B 15000 45 0 1 0,05 
Light sensor ISL29034 85 85 0 2 0,005 
Mag sensor TLV493-D 3700 0,1 0 1 0,034 
Temp sensor TMP102 15 10 0 1 0,0003 
Pressure 
sensor 
- 428 428 0 1 0,0125 
Inst. Amp INA333 75 75 0 1 0,0021 
TOTAL 147,68 
Table III. Power Capacity Needed for Acquisition Mode. 
 
This analysis result implies a 44.75% of the total capacity of the batteries. 
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Glossary 
ACRONYM MEANING UNITS 
AAD Active while Acquiring Data (-) 
ACPR Asociación Catalana de Pesca Responsable (-) 
ADC Analog to Digital Conversion (-) 
BLE Bluetooth Low Energy specification (Bluetooth 4.2) (-) 
Bx/y/z Magnetic Field for any of the Cartesian directions (T) 
DATA2’sC Binary data in two’s complement format (-) 
DC Direct Current (-) 
Ecal Calculated Illuminance  (lx) 
EDA Electronic Design Automation (-) 
G Circuit Gain (-) 
GND Ground plane of the device (-) 
GPIO General Purpose Input-Output (-) 
GSS Grup de Sensors i Sistemes (-) 
GTR Great Tuna Race (-) 
HG-CVR Hybrid Gauging by Current-Voltage tracking with internal 
Resistance 
(-) 
I2C Inter-Integrated Circuit (-) 
IAD Idle while Acquiring Data (-) 
IC Integrated Circuit (-) 
IoT Internet of Things (-) 
LDO Low Dropout (-) 
Li-ion Lithium-ion (-) 
LSI Large Scale Integrated circuit (-) 
MISO Master Input, Slave Output (-) 
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MOSI Master Output, Slave Input. (-) 
NTC Negative Temperature Coefficient (-) 
OCV Open Circuit Voltage (V) 
PA Power Amplifier (-) 
PCB Printed Circuit Board (-) 
Pmax Maximum Measurable Pressure (20MPa) (Pa) 
Pmeas Measured Pressure (Pa) 
PMOS Positive Metal-Oxide-Semiconductor transistor (-) 
PSU Practical Salinity Unit (-) 
RANGE Luminosity sensor maximum illuminance (64,000) (lx) 
RF Radio Frequency (-) 
RG Gain Resistor of the INA333 (Ω) 
RSOC Relative State Of Charge (%) 
RTCC Real Time Clock/Calendar (-) 
RX Receiver (-) 
SC Sleeping Consumption (-) 
SCK System Clock (-) 
SM Safety Margin (-) 
SOC State Of Charge (%) 
SPI Serial Peripheral Interface (-) 
SPP Serial Port Profile (-) 
Tcal Calculated temperature (ºC) 
TCXO Temperature Compensated Crystal Oscillator (-) 
TX Transmitter (-) 
UART Universal Asynchronous Receiver-Transmitter (-) 
UPC Universitat Politècnica de Catalunya (-) 
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UPC Universitat Politècnica de Catalunya (-) 
USB Universal Serial Bus (-) 
UTC Universal Time Coordinated (-) 
V+ Supply Voltage of the pressure sensor (V) 
VBAT Voltage of the battery at any time (V) 
Vdd Regulated voltage in the board of 3.3V (V) 
VDS Drain-to-Source Voltage (V) 
VFS Full-Scale Voltage of the pressure sensor (V) 
VFSmax Maximum Full-Scale Voltage of the pressure sensor (V) 
Vmeas Measured Voltage (V) 
Voffset Offset Voltage of the pressure sensor (V) 
WMM World Magnetic Model (-) 
 
